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NICHD ANNUAL REPORT
July 1, igT'^ through June 30, 1975

OFFICE OF DIRECTOR

SUMMARY

In fiscal year 1975 the following significant events directly affected the

Institute's programs.

1. Dr. Norman Kretchmer, the Howard K. Faber Professor of Pediatrics, Stanford

University, became Director of the Institute on September 1, 197^.

2. A Mission Statement for the NICHD was developed. It appears on page (D-3)

of this portion of the annual report.

3. A Center for Research for Mothers and Children was established as a key

element in the reorganization of the NICHD. This Center will provide new

focus and visibility for biomedical, behavioral and social science research on

the special health problems of families, mothers and children, incorporating

present programs in Perinatal Biology and Infant Mortality, Growth and Develop-

ment, and Mental Retardation. Established in symmetry with the existing Center

for Population Research, the CRMC will allow closer coordination of research

programming in pregnancy, infancy, and child and adolescent development with

research in reproductive biology, family planning and other aspects of the

population sciences. Coordination and collaboration with the intramural

programs will also be improved.

h. An Office of Deputy Director, NICHD was created. One of its responsibilities

is the management of all NICHD committees, including initial scientific review

of both grants and contracts. This reorganization is in line with the NIH

trend toward separation of review from scientific program management.

5. Grants and contracts management responsibilities were placed in the report-

ing channels under the Executive Officer. In addition to consolidating all

business management in the Institute under the Executive Officer, this align-

ment retains the Institute's unique feature of separating the grants management

function from organization units responsible for scientific program and review.

We continue to emphasize close management and science teamwork, while keeping

the scientist administrator free of fiscal and administrative duties.

6. Construction of a $2.1 million Perinatal Biology Center neared completion

as an addition to the G-Wing of the NIH Clinical Center. Two of the three

floors have been turned over to the NICHD Staff. The Center will house the

institute's clinical program in reproductive and perinatal biolog-/ and will

include a maternity service, newborn nursery, and research laboratories.

7. Continued severe restrictions on employment have seriously hampered
Institute operation and have made implementation of Institute Programs

especially difficiilt.



8. Unrealistlcally low ceilings on federal salaries have made retention and

recruitment of upper echelon employees impossible in some cases and extra-

ordinarily difficult in others. Fortunately, the Institute was able to

attract a new Scientific Director, but the search continues for a Director for
the Center for Research for Mothers and Children, and for other key positions.

9. The Director, NICHD continued to serve a3 Acting Director of the new
National Institute on Aging throughout fiscal year 1975. Preparing and
defending separate organizations, budgets, testimony, and planning material
for the NIA and providing leadership to the Gerontology Research Center and
Extramural Programs in Aging, became increasingly burdensome to NICHD Staff.



MISSION STATEMENT

The purpose of this statemnt is to describe clearly the essential program

interests of the National Institute of Child Health and Human Development and

to outline the various kinds of efforts the Institute will undertake to carry

out its responsibilities.. The mission of the National Institute of Child

Health and Human Development is to contribute to the good health of all citizens

through efforts to understand the many factors, both biological and behavioral,

related to the adaptation of populations to available resources and the

expansion of knowledge on family planning, child health, maternal health and

human development. The primary emphasis and goal of Institute efforts is pre-

vention of disease and disability and the underlying assumption is that success

achieved by the NICHD in assuring healthier children will produce the long

range benefit of a healthier adult population for this Nation.

Institute programs are directed toward, and have a beneficial impact on, the

entire population of the United States. The following statistics provide an

indication of the health problems and needs that NICHD research aims to prevent

and alleviate. Out of every 1,000 infants born in the United States during

1973, 17.7 died before they were a year old, accounting for about "^5,000

deaths. Thirteen other developed countries of the world had infant mortality

rates that were lower. Nearly 60 percent of infant deaths occurred in infants

that weighed less than 5-5 lbs. at birth. These low birth weight infants were

either born too soon or were born on time but too small. The number of low

birth weight infants born in 1973 totalled 236,326. Those that did not die

will be the major contributors to the population of brain damaged, neuro-

logically disordered, and growth retarded persons who are a burden to them-

selves, their parents, and often to society.

There are 1? million Americans who have a birth defect serious enough to

drastically affect their daily lives. Chronic conditions affect 30% of all

low income children and yet only 12% of. them are mider treatment. Over the

five year period of I965-I970, 29 percent of all infants born were unplanned
and 15 percent were unwanted. Thus, during this five year period, approxi-
mately 2,650,000 unwanted children were born.

A number of agencies within the Department of Health, Education, and Welfare,
carry out programs, some of which include biomedical and behavioral research,

directed toward the study of populations, family planning, and improved
health for mothers and children. The National Institute of Child Health and
Human Development serves as the focal point, coordinator, and major research
arm for these scientific endeavors. The goals of the NICHD are accomplished
through research to assure maximum health during pregnancy and infancy as well
as to provide conditions for optium development of the child so that full

physical and mental potential can be attained by the adult. Interdependent
with the goals are a broad understanding of family structure, the factors
affecting fertility and infertility, the dynamics of human population, and the
reasonable regulation of its growth. Thus, the NICHD has an interest in all
problems affecting human development.

To accomplish its goals, the NICHD has been organized into a Center for

Population Research (CPR) and a Center for Research for Mothers and Children

(CBMC). The CPR has responsiblity for understanding the forces affecting



population growth and their social consequences, the development of contra-
ceptive methods, and discovering the factors that determine acceptability
of contraceptive methods and hov these influence fertility patterns. The CRMC
has responsihility to advance knowledge on pregnancy, infancy and childhood
as well as to examine the problems of human development from both a psycho-
social and biological standpoint, with special reference to the cause and
amelioration of the problems of the mentally retarded. It is responsible for

\inderstanding all factors related to the good health of mothers and children
and will be concerned with health problems occurring in the earliest stages of
development through adulthood. Both Centers coordinate their programs with
the Institute's clinical, laboratory, epidemiologic and biometric research
conducted at the Bethesda campus.

In order to accomplish the Institute's responsibilities, it will:

1. Continually assess all scientific fields to determine needs for NICHD
programs.

2. Conduct and support scientific research and research training, including
a focus on the special health requirements and problems of children and
families.

3. Promote the application of research findings in clinical practice.

h. Initiate and cooperate in government-wide efforts in unique problems that
appear affecting the health of children and families including those which
may require emergency action.

5. Coordinate and integrate research efforts with other agencies , including
those that are service-oriented, and interested groups outside the federal
strucutre.

6. Provide consultation to federal agencies and non-federal groups in the
development of programs to improve the health of children and families.

T. Assure dissemination of information relating to research findings and
the implementation of these findings for improving the health of children
and families.

In summary, the National Institute of Child Health and Human Development,
through these and similar activities which emphasize prevention, fosters
good health and well being by studies of the factors affecting population and
promotes the best possible outcome of pregnancy by a focus on research for
mothers and children. The Institute will influence the direction of research,
and ultimately national health policy to assure that the health reeds of
children are met in order to develop the healthiest possible aduLt population
for this Nation.
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Office of Administrative Management

The Office of Administrative Management includes the Institute's Personnel,
Budgeting, Office Services and Management Analysis functions. At the direc-
tion of the Executive Officer, each of these functions has been involved this
year with the special activities required for launching the National Institute
on Aging and for implementing reorganization of activities within the NICHD.
Tasks accomplished have included redrafted functional statements and organi-
zational charts, new and revised position descriptions, reallocation of space
assignments and communications services, and separation of budget activities
for the first NIA appropriation in FY 1976.

The reorganization of functions within the NICHD, which received final approval
by the Office of the Secretary in May, was initiated to accomplish two major
purposes: to create a parallel structure to the successful Center for Popu-
lation Research to unify and focus research programs for the health of mothers
and children, and to consolidate administrative management, analysis and
evaluation functions within the Office of the Director. Specifically, the

Branches of the former Extramural Programs, minus the Adult Development and

Aging Branch, have formed the programs of the new Center for Research for

Mothers and Children. The former Program Services has been abolished with its

components, the Grants and Contracts Management Branch, relocated as the

Office of Grants and Contracts, and the Program Statistics and Analysis
Branch absorbed into the Office of Planning and Analysis, both within the

Office of the Director. The remaining units, the Center for Population
Research, Epidemiology and Biometry Research Program, and Intramural Research
Programs remain unchanged except for minor title changes required for stan-

dardized nomenclature.

Key personnel changes in the Office of the Director during this year include

the official appointment of Dr. Norman Kretchmer as Institute Director on

September 1, 1974. Dr. Gilbert L. Woodside was designated Acting Deputy
Director and Dr. Merrill S. Read was named to fill Dr. Woodside 's former
position as Acting Associate Director for Extramural Programs on September 12.

Mr. James G. Hill was appointed Assistant to the Director for Evaluation in

January 1975. Mr. Daniel W. Taylor was appointed Chief, Office of Research
Reporting in March 1975, and Mr. Benjamin E. Fulton was appointed Administra-
tive Officer in February 1975.

The NICHD budget for Fiscal Year 1974 included an appropriation of $125,152,000
and release of impounded FY 1973 funds at $18,994,000 for total funds available
of $144,146,000. In Fiscal Year 1975 the comparable figure for NICHD, ex-

cluding Aging research, was $126,067,000. For Aging research, $15,722,000
was available to support NIA programs prior to its initial appropriation
by the Congress.

The Affirmative Action Plan for Equal Employment Opportunity received its

third revision during this year. Principal changes include separation of

items currently underway and of continuous nature from identification of

action items requiring specific performance during the present year. Also,

in the current revision the Director established the positions of Women's
Coordinator and Black Coordinator for NICHD-EEO programs.
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Office of Program Planning and Evaluation

The Office of Program Planning and Evaluation is responsible for developing

the information needed for formulation of the Institute's objectives and the

means for appraising progress toward these objectives.

In performing these functions, the Office: (l) promotes and conducts analyses

of the status, character, and extent of national health problems which are

properly the responsibility of the Institute, and the kinds of scientific

activity needed to address those problems; (2) coordinates activities leading
to the selection of Institute objectives and the development of program plans;

(3) prepares and maintains a comprehensive multiyear program plan, utilizing
operational planning of program activities to assess progress toward objectives
and to evaluate accomplishments; and (U) maintains an awareness of ongoing
Congressional activities, keeps staff informed of legislative developments,
and coordinates matters of mutual concern with other interested governmental
and non-governmental organizations.

Staff of OPPE continue to participate in coordination efforts, and to maintain
liaison with agencies whose missions are complementary to or supportive of the
Institute's objectives. During the current year these included the Interagency
Panel on Early Childhood Research and Development; the Interagency Panel for
Research and Development on Adolescence; the Interagency Task Force on
Comprehensive Services for School-Age Parents (membership on the Steering
Committee); the DHEW Interagency Committee on Planning for Children; the DHEW
Committee on Children; the Intradepartmental Committee on Child Abuse and
Child Neglect; and the Public HeaDth Service Child Health Task Force.
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Office of Research Reporting

Following the fiscal year 197^+ DHEW public affairs cutback and reorganization,

the Office of Research Reporting experienced a period of under-staffing and

redefining of its duties. In March, Mr. Daniel W. Taylor was appointed Chief

of the office. His initial assignments were to recruit for staff vacancies

and to reassess policies and practices of the office with a view toward

building an information program to help achieve overall NIH information

objectives. These include emphasis on programs to make research information

more readily available to health professionals and the public.

Major products of the office included a highly successful brochure, "Menopause:

the Experts Speak," and four publications resulting from workshops on the

subject of the sudden infant death syndrome (SIDS). More than fifty-five

thousand copies of NICHD publications were mailed out. Eight thousand specific

public inquiries were serviced by either letter or telephone. High interest

areas for the public are Down's Syndrome (Mongolism), SIDS, and learning

processes and problems. Infertility problems are increasingly of interest,

particularly locally. ,

The office participated in the NIH Open House for the public in April. More

than twelve thousand copies of NICHD publications were picked up in two days

,

and information on the Intramural programs was presented in a taped slide

exhibit.

Support was provided the Director in connection with testimony before the

Congress, the President's Biomedical Research Panel, and on fetal research

issues before the National Commission for the Protection of Human Subjects
of Biomedical and Behavioral Research.
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Center for Population Research
Office of the Director

Introduction : Significant progress has continued to result from the
support of biomedical and social and behavioral research in the population
sciences by NICHD' s Center for Population Research. These developments
represent important contributions toward the achievement of the Center's
goals.

In the biomedical sciences these are (1) to increase our understanding
of all aspects of human and relevant animal reproductive processes in

both the female and male; (2) to develop an array of contraceptive
methods which are effective, safe, inexpensive, reversible, and acceptable
to various population groups; and (3) to evaluate the medical effects of
contraceptive methods in use to assure safety and efficacy over short as
well as extended periods of time.

The research objectives in the behavioral and social sciences are (1) to

ascertain the social, psychological, and economic determinants of fertility,
since fertility is the single most dynamic factor in population growth;
(2) to assess the effects of population size, composition, and distribu-
tion so that public policy may be guided by adequate information; (3) to

identify the conditions which precipitate migration and to define its
consequences, since migration is one of the principal means by which
populations adjust to social and economic change; and (4) to increase
our understanding of the economic, environmental, social and behavioral
consequences of population growth and change.

Recent findings in population research supported by the Institute
include the following:

1. The production of sperm is controlled by the two male sex hormones,
testosterone and follicle stimulating hormones (FSH) . Testosterone
stimulates sperm production directly and is aided by FSH which
causes the production of protein (Androgen Binding Protein - ABP)
which carries the testosterone to those parts of the testis where
sperm are produced. This new information suggests some specific
possibilities for the development of male contraceptives.

2. The structure of the hypothalamic hormone which initiates the
release of other hormones responsible for ovulation has been
identified. This hormone has been synthesized in the laboratory
and is being used extensively as a diagnostic and therapeutic
agent in a variety of reproductive disorders.

3. Chemical antagonists of the hypothalamic hormone mentioned above,
have been synthesized. Recent experiments in animals indicate
that injection of such antagonists can reduce the level of the
hormone responsible for ovulation and thus block the release of



ova. This may be a lead toward the development of a highly
specific and therefore safer and more effective contraceptive.

4. New biodegradable and biocompatible pol5miers have been developed
which can prolong drug activity for extended periods of time,
such as 6-12 months. These drug-polymer combinations release
small amounts of a drug on a continual basis when injected or
implanted in the body. This advance in the method of administer-
ing drugs can lessen the amount of a drug to which the body is

exposed and thus reduce the incidence of undesirable side effects.
The polymers therefore may be important in the development of

new long term injectable contraceptives for both men and women.

5. A recently completed case-control of thromboembolism
confirms that the risk of this complication decreases with a

decrease in the estrogen dose of the pill preparation used.

6. Studies of women on oral contraceptives have shown a decrease
in gamma-globulin levels. These data may be related to other
studies which suggest that oral contraceptive users appear
to be more susceptible to infections, particularly viral
infections.

7. There was a several-fold increase in incidence of hypertension
among the women on oral contraceptives. Also abnormalities in

the metabolism of carbohydrates and lipids have also been noted
among the oral contraceptive users.

8. A study dealing with female employment and fertility has found

that women's labor force activity influences their fertility
behavior. Furthermore, both work and fertility goals appear to

be formed relatively early in life.

9. There is a continuing trend toward the two-child family, a

significant change from the situation ten years ago when the

average number of children was three. At the same time, very

few couples expect to remain childless, so that it does not

appear that we are returning to the widespread prevalence of

childlessness observed in the 1930' s.

10. A study concerned with the consequences of family size indicates
that the decline in average family size, particularly the propor-

tion of couples with large numbers of children, will have a

beneficial effect on child development. The study showed that

family size is inversely related to student aptitude, achievements,

interests, activities, educational and occupational expectations,

attitudes, social life, and work habits. Children from smaller
families, regardless of socio-economic level, score higher in

aptitude measures, have a higher academic potential, expect to

have smaller families and tend to marry later. Female children

appear to be more adversely affected by larger family size than
males.



Budget : The following table compares budgetary levels for program

activities in FY 1975 with the previous year,

(Dollars in Millions)
FY 1974 FY 1975
Actual Estimate

CPR Component - Program Activity
1. Population and Reproduction Grants Branch

A. Fundamental Biomedical Research
B. Fundamental Social Science Research
C. Population Centers
D. Research Training

2. Contraceptive Development Branch
A. Directed Biomedical Research
B. Product Development

3. Contraceptive Evaluation Branch
Evaluation of Contraceptives in Use

4. Behavioral Sciences Branch
Directed Social Science Research

5. Office of the Director
Scientific Information and Staff

6. NICHD Intramural Research
TOTAL - Population Research Program

(30.1) (30.2)

19.7 18.3
4.3 4.4
2.8 4.0
3.3 3.5

(6.8) (6.6)

3.4 3.0
3.4 3.6

(5.0) (4.8)

5.0 4.8

(3.5) (3.3)

3.5 3.3
(2.5) (2.7)

2.5 2.7

(3.1) (3.0)

51.0 50.6

As required by Public Law 91-572, (The Family Planning Services and
Population Research Act of 1970) the Center submitted to the Deputy
Assistant Secretary for Population Affairs the fourth annual progress
report of population research programs for calendar year 1974. The
report was prepared in August and was subsequently submitted to the
Congress by the Department. An expanded version of the final report was
distributed by the Center to grantees and contractors funded by the
Center.

Staffing : Staff changes during the year included the following:

Contraceptive Development Branch - Gabriel Bialy, Ph.D., was appointed
Chief of the Branch, which he joined in March 1971. He came to the
Center from Bristol Laboratories where he was Head of the Endocrine
Section of the Pharmacology Department since 1968. Prior to that Dr.

Bialy was with the Worcester Foundation for Experimental Biology since
1959, where he advanced to the position of Senior Scientist and also
served in the Reproductive Physiology Training Program as an Instructor
and as Assistant Director. Henry L. Gabelnick, Ph.D. is a recent addi-
tion to the Branch from NIH's Biomedical Engineering and Instrumentation
Branch of the Division of Research Services where he was engaged in
various research activities including the development of mathematical
models for the kinetics of drug distribution and the interaction of
plastics with the biological environment. Dr. Gabelnick' s professional
training and experience are in the areas of pharmacokinetics and bio-
materials technology.
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Contraceptive Evaluation Branch - Bruce V. Stadel, M.D. was appointed to

the Branch after recently completing training in epidemiology, with
emphasis on chronic disease epidemiology. Dr. Stadel previously served
in the Indian Health Division of the Public Health Service.

Population and Reproduction Grants Branch - Kenneth Savard, Ph.D., who
has been a Visting Scientist at NICHD since 1972, transferred from the
Contraceptive Development Branch to help guide the transfer of directed
biomedical research projects to the Branch. This enabled Dr. Savard to

remain closely associated with his particular interest in projects
dealing with fundamental research problems involving the development of

new contraceptives. The appointment of Allyn Waterman, Ph.D. to an
intermittent position as Health Scientist Administrator in the Branch
terminated. Dr. Waterman agreed to stay on after his retirement to

assist with the orientation of new staff, and his service to the Branch
during this transitional period was very valuable.

Liaison and Scientific Information : The activities of the Center to

facilitate the coordination of Federal population research programs and

the communication of research information in the population sciences,
are presented in this portion of the report since they are coordinated
in the Office of the Director.

Interagency Committee on Population Research - The Center continues to

provide staff support for the coordination of population research activ-
ities on the part of the various Federal agencies represented on the
Interagency Committee on Population Research (ICPR). An important
function of this Committee is to facilitate the exchange of information
and ideas and coordinate the efforts of the Federal Government concerned
with research related to human population problems. The Committee is

chaired by the Director of the Center for Population Research, designated
by the Deputy Assistant Secretary for Population Affairs to whom the
Committee reports.

Inventory of Federal Population Research - The ICPR issued its Inventory
of Federal Population Research - Fiscal Year 1974 , which is the sixth of

such reports, updated annually. The Inventory represents a cooperative
effort on the part of each of the reporting Federal agencies which funds
projects in population research. The scope of the Inventory encompasses
a broad spectrum of research in the biological, medical, social, and
behavioral sciences and covers all projects—grants and contracts,
intramural and extramural— in which population research constitutes a

major substantive category, classified according to the principal focus
of the research.

Inventory of Private Agency Population Research - The initial edition of
the Inventory of Private Agency Population Research , which will be
updated annually, was issued by the ICPR. This companion publication to
the Federal Inventory includes the population research projects sponsored
by the major private organizations. The three principal agencies involved
with research in the population sciences, the Ford and Rockefeller
Foundations and the Population Council, have provided the data on their
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research projects in the same way as the Federal agencies and the
Information has been published in the format comparable to the Federal
Inventory.

Analysis of Federal Population Research - Another significant product of

the ICPR is the Analysis of Federal Population Research - Fiscal Year 1974 .

This report, which is prepared annually by the Committee and submitted
at the end of each fiscal year, fulfills an assigned function of the
ICPR, namely, to make recommendations on actions to be taken to meet
research gaps in the population sciences. It contains a summary and
evaluation of current Federally supported population research with
recommendations for needed research, based on the projects reported for

the Inventory of Federal Population Research .

Population Sciences: Index of Biomedical Research - The communication
of population research information is enhanced through the publication
of Population Sciences: Index of Biomedical Research . Approval was
received to publish the journal on a monthly basis through August 1977.
This bibliographic citation journal provides a useful resource to those
concerned with the progress and results of biomedical research in the
population field. It is the counterpart of Population Index , a biblio-
graphic journal devoted to population research in the social sciences,
which the Office of Population Research at Princeton University pub-
lishes and which NICHD has helped support for several years. Population
Sciences: Index of Biomedical Research is produced with the cooperation
and assistance of the National Library of Medicine and is based on the
information contained in the Library's Medical Literature Analysis and
Retrieval System (MEDLARS).

Population Research Monographs - NICHD has initiated another important
means of communication through its occasional monographs in population
research. The monographs provide a review and evaluation of the state-
of-the-art in substantive areas of population research. They are pub-
lished as individual books on a non-periodic basis by the Government
Printing Office. The books usually contain an evaluative review of a

field, annotated citations, and an analysis of the next steps for achiev-
ing progress with regard to meeting research gaps.

The initial population research monograph published was Rural-Urban
Migration Research in the United States , by Daniel 0. Price, Ph.D. and

Melanie M. Sikes (DREW Publication No. (NIH) 75-565). This book deals
with the distribution of population in the United States. It contains a

synthesis of research findings which provides an overview of internal
migration, and an annotated bibliography which serves as a resource for

those working in or concerned with this field.

The second Center monograph to come off the press was The Walnut Creek Con-
traceptive Drug Study - Volume I , edited by Savitri Ramcharan. M.D., Ph.D.
(DREW Publication No. (NIH) 74-562). This book is the first of three
volumes on the prospective investigation of the side effects of oral
contraceptives from data collected on approximately 18,000 women involved
in this study supported by NICHD. The data presented in this and the

12



two subsequent volumes describe patterns of contraceptive use, effects
of oral contraceptives on a generally healthy population, and laboratory
and clinical data of value for reference purposes.

Publications of Workshops and Conferences - A number of publications
have resulted from the proceedings and summaries of NICHD conferences
and workshops in the population sciences. A list follows of the arti-
cles and books published this past year:

Title & Year of

Publication
Authors /Editors

Publisher

Reproductive Behavior
1974

William Montagna
William Sadler
Plenum Press, New York

A Review of the Actual and Expected
Consequences of Family Size
1975

Kenneth W. Terhune
Government Printing Office
DHEW Pub. No. (NIH) 75-779

The Effects of Oral Contraceptive
Hormones on Nutrient Metabolism
Part I - April 1975
Part II - May 1975

Articles by workshop
participants

The American Journal of

Clinical Nutrition
Bethesda, Maryland

Staff Honors, Lectures and Articles ;

Philip A. Corfman, Director

Consultant to the World Health Organization Advisory Group to

the Expanded Programme of Research, Development and Research
Training in Human Reproduction.

Recipient of the DHEW Superior Service Honor Award

"Population Research at the U.S. National Institutes of Health:
A Response to a National and International Problem," DHEW Publica-
tion No. (NIH) 75-781. With Earl E. Huyck, Sociologist.

Arthur A. Campbell, Deputy Director

"Beyond the Demographic Transition," Demography , Vol. 11, No. 4,

November 1974, pp. 549-561.

Rolf Versteeg, Program Liaison Officer

Association for Population/Family Planning Libraries and Information
Centers (APLIC). Chairman of Continuing Education Committee and
Nominating Committee; Member of Program Planning Committee, Interna-
tional Activities Committee, and By-Laws Committee.

13



Heinz W. Berendes, Chief, Contraceptive Evaluation Branch

"Vasectomy Research Program of the Center for Population Research,"

in Control of Male Fertility , Harper and Row, Publishers, Hagerstown,

Maryland, 1975. With Ruth Crozier, Biological Sciences Administrator.

Helmut Mueller, Medical Officer

"Thromboembolism, Oral Contraceptives, and Oestrogen Concentration

Gradient," Lancet , p. 683-684, March 22, 1975. With Bruce V. Stadel.

Bruce V. Stadel, Medical Officer

"The Etiology and Prevention of Ovarian Cancer," Lancet , in press.

William A. Sadler, Chief, Population and Reproduction Grants Branch

Reproductive Behavior , Advances in Behavioral Biology, Volume 11,

Edited by William Montagna and William A. Sadler, Plenum Press,

New York, 1974.

Sidney H. Newman, Behavioral Sciences Administrator

American Psychological Association, Division of Population
Psychology, Member of Executive Committee and Chairman of the
Program Committee.

"Educating Psychologists to Work in the Population Field,"
Professional Psychology , August 1974. With Vaida D. Thompson.

Dolores J. Patanelli, Biologist

Member of the Membership Committee for the Society for the Study
of Reproduction.

Earl E. Huyck, Sociologist

"Demographic Evaluation of Domestic Family Programs," Edited by
J. Richard Udry and Earl E. Huyck, Ballinger Publishing Company,
Cambridge, Massachusetts (in press).

Kenneth Savard, Visiting Scientist

"Steroidogenesis in the Isolated Ovarian Follicle," Symposium
on Functional Morphology of the Ovary, University of Glascow,
September 11-14, 1974. With T. Mori and T.M. Mills.

"Protein-kinase Stimulation of a Reconstituted Cholesterol Side-
chain Cleavage Enzyme System in the Bovine Corpus Luteum,"
Journal of Biological Chemistry , Volume 250, June 10, 1975. With
M.G. Caron, S. Goldstein, and J.M. Marsh.

14



NICHD ANNUAL REPORT
July 1, 197^ through June 30, 1975

Behavioral Sciences Branch
Center for Population Research

The Center's contract program in the social sciences focuses on the size,

rate of growth and composition of our nation's most important asset, its

people. The topics addressed by specific research projects vary, but they
derive from fundamental questions concerning the growth and distribution of

our population, and their relation to individual and societal welfare. For
example: what accounts for changes in the number of children couples decide
to have? how successful are they in controlling their reproduction? what
are the consequences of many or few children for individuals, families, and

the nation? how does internal migration affect the welfare of the people
moving and the communities from which they come and to which they go? how
would a rise or decline in the rate of population growth rates affect our

economy and our environment in the future? Answers to these and many other
questions are needed in order to deal with population changes now and in the
years ahead. The results of research are intended ultimately to help individ-
uals and couples to understand the personal and social consequences of their
own demographic behavior and to help our government to consider the impact of

a variety of policies and programs on the size and quality of our human
resources

.

From these broad objectives, the staff of the Behavioral Science Branch iden-
tifies specific research goals and solicits scientific proposals intended to

achieve them. The Branch's strategy has been to concentrate on questions
arising from obvious human concerns rather than questions arising solely from
scientific disciplines. Consequently, the program has emphasized such topics
of current interest as the changing incidence of accidental pregnancies,
methods of fertility control used, the working mother, and the recent decline
of fertility.

One result of this strategy is that the Branch's research program changes in
response to changing conditions. At present, its program focuses on the
topics listed below:

Trends and Variations in Fertility

The 1970 National Fertility Study revealed increases during the 1960s in the
use of the most effective methods of fertility control and in the proportion
of the population approving abortion, and reductions in the rate of unwanted
fertility and in historic income and religious differences in contraceptive
practice. A book detailing the results of this study is soon to be published.
A follow-up of the 1970 study is being undertaken by the same investigators
to determine the stability and reliability of childbearing intentions and the
factors influencing changes in stated intentions and in methods of fertility
control.

Because the series of national fertility studies beginning in 1955 involved
only women in the childbearing ages, the studies gathered no data on the
cohort of women having the lowest completed fertility in American history —
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those born during I9OI-I9IO. A recently initiated study is now inquiring into
the factors (age at marriage, family size aspirations, contraceptive methods,
and possible economic influences ) which enabled that cohort to achieve the
lowest fertility recorded in the United States (an average of 2.3 births per
women) . This study in historical demography is highly relevant to our under-
standing of current fertility trends. For a decade or more fertility has
been rapidly declining, young people are delaying marriage, young married
couples say they want relatively few children, and they are currently exper-
iencing a period of relatively unfavorable economic conditions. We will
never know the extent to which the low fertility of the present in uniquely
tied to a definite historical period and the extent to which it is an expected
response to certain kinds of social and economic change unless we have infor-
mation about couples who went through similar changes at an earlier time.

Whether or not our society is subject to recurring fertility cycles in which
the currently low rates of reproduction will be followed by a sustained rise,
is a major question on which this study can shed some light.

These studies are supplemented by three reimbursable agreements with the
Bureau of the Census. One, using the population survey for 1971, studied
the relationship between age at marriage, birth intervals and total fertility,
and further documented the decline in average number of births expected as

well as the rise in average age at marriage and increasing proportions unmar-
ried at younger childbearing ages. A second will collect similar data for

1975 to record through marriage and fertility histories the changes which are
occurring in these two phenomena in the life cycle of the American family.
Another Census Bureau project is studying data on fertility from the 1970
census, with special emphasis upon (l) age at marriage, intervals between
marriage and first birth, and birth intervals for later births to identify
changes in childspacing patterns; (2) the effect on fertility of separation
and of marital dissolution and remarriage; (3) the prevalence of premarital
childbearing; and {h) familial and work roles of women. Data will be analyzed
separately for several population groups.

Three studies concentrate on subgroups of the population. One of these deals

with the demography of the black population, emphasizing the changes in

fertility and other variables. Two studies have looked specifically at

fertility behavior among Spanish-Americans, which has traditionally been
higher than that for the total population of the United States. One conducted
by the Research Institute for the Study of Man found that increasing education
is reducing fertility for these groups, and educational and occupational
changes suggest a convergence with the fertility pattern of the general popu-
lation in the decades ahead.

Several studies focus on the explanation of the extraordinary rise in fertility
that occurred after 19'-iO, and its subsequent decline since about 1958. An
hypothesis advanced by Professor Richard Easterlin attributes the rise and
decline to changes in perceived economic opportunities for persons in their
early adult years relative to their aspiration levels established when they
were approaching maturity. When these opportunities are seen as relatively
high, earlier marriages and childbearing are given more encouragement than
when they are not so viewed. So far, four studies have been initiated to
subject this hypothesis to more rigorous empirical tests, utilizing various
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techniques and data sets. One is utilizing econometric techniques and vital
statistics and census data for the period 19^0-1973. Another is reexamining
siorvey data from various Michigan surveys and the Growth of American Family
and National Fertility surveys, 1955 to 1970, for evidence of the influence
of the factors identified by Easterlin. Another is undertaking a series of
studies on annual trends in fertility 1917-1972, in relation to economic
trends. The fourth study is using national fertility and census data to
develop a causal model linking social, economic and demographic variables to

U.S. natality trends since 1950. Additional studies to explicate the social
and economic determinants of the variations in fertility during the period
I9I1O-I97O are planned.

Several studies are studying fertility changes in non-U. S. populations to

establish a more general understanding of factors influencing human fertility.

A Princeton University study on factors affecting the decline in fertility in

Europe has found that since the 19th century poorly educated, rural populations
reduced fertility by means of voluntary measures long before changes which we
associate with modernization occurred. The reduction apparently resulted from

three conditions: (l) perception of advantages gained from reduced fertility,

(2) acceptance of calculated choice in determining marital fertility, and (3)

knowledge of effective techniques of control. This study has already been
influential in challenging the conventional wisdom that significant improve-

ment in social and economic conditions are essential to the reduction of high

birth rates in developing countries.

Factors Affecting the Control of Fertility

A major thrust of the Behavioral Sciences program is to understand the factors

that motivate couples to control their fertility and the processes by which

they go about it. Some studies deal with the underlying social-psychological
phenomena relating to fertility behavior. One such study has focused on the

relationship of alienation (measures of feelings of powerlessness , social

isolation, etc) with fertility behavior. Those who appear alienated, it found,

are more likely to marry early and to have a higher incidence of premarital,
early and unintended pregnancies. Several projects are focusing on the issue

of how sex-role orientations—definitions of behavior appropriate for men and

for women—are related to fertility behavior. One of these has found that

couples who are less committed to traditional definitions of male and female

roles intend to have fewer children. Similarly, another has found that women

who perceive themselves as having characteristics other than those that are

traditionally "feminine" are more likely to adapt their fertility behavior
to their economic circumstances and have fewer children. Several other

studies are looking at aspects of social pressures to bear children that may

be exerted by peers or parents or may have been internalized by the individual,

and two projects have focused on the specific interrelationship of women's

work experience and fertility.

Since the setting of fertility goals and the use of contraceptive methods to

attain those goals is usually done by the couple, rather than the individual

alone, several studies are focusing on the decision-making processes that

couples go through regarding fertility-related behavior. These studies are
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examining how couples set goals, reconcile differences, obtain information

about the consequences of having a child and so forth. Another study is

looking at how couples influence each other in evaluating and choosing

methods of fertility control. Still another is seeking to determine how men's

perceptions of the cost of children influence their desire for children as

well as how they participate in the choice and continued use of a contraceptive

method.

Other studies have looked at different aspects of the perceived costs and

values of children on fertility behavior. A Calspan Corporation project

found that the anticipated "costs" of having children, rather than the anti-

cipated rewards, constitute the major determinant of desired family size.

A study at Temple University is investigating physicians' attitudes toward

abortion since such attitudes influence the extent to which women avail

themselves of this method of controlling their fertility. A new contract
is analyzing data on women seeking abortion or contraceptive services in order
to determine how personal and situational variables affect the accuracy of

their knowledge about reproduction, perceived physician attitudes on contra-
ception, and reasons for discontinuation of contraception.

Two studies deal with the impact of family planning programs and services on
fertility. One such study has concentrated on populations in low-income
areas of l6 cities and is measuring the impact of family planning services
on contraceptive practice and reproductive experience. The other study, using
county data throughout the United States, found patterned and consistent,
though small, net effects of family planning programs in reducing fertility.

Illegitimacy and Pre-marital Pregnancy

The data available from the very few studies on illegitimacy and pre-m.arital
pregnancy indicate that illegitimacy is a major social problem and pre-marital
conceptions, whether aborted or leading to force marriage, create additional
problems. Several studies have therefore been initiated on social and psycho-
logical factors influencing contraceptive use, successful use of family
planning clinics by teenagers, and the occurrence of pre-marital pregnancy.

A comprehensive review of the scientific literature to determine and evaluate
research findings regarding sexual, contraceptive and reproductive behavior
of adolescents has begun. A study conducted at the University of California
has found that the legalization of abortion in California was correlated with
a dramatic drop in the illegitimacy rate, with an even greater drop for blacks
than for whites. This study showed that blacks use contraceptives less fre-
quently and less effectively than white, but use abortion more frequently.
It appears that after the first few years of legalized abortion, the illegiti-
macy rate leveled off or rose slightly (among teenage whites). Another study
is looking at the interrelation of illegitimacy, abortion and family structure
variables, including patterns of sexual relationships and their effect on
illegitimacy, other pregnancy outcomes and contraception. A study based on
interviews with adolescent maternity patients is exploring factors related to
variations in norms and sanctions surrounding illegitimacy within the black
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commiinity

.

Consequences of Family Size

Another major emphasis in recent years has been on the consequences of child-
bearing and childspacing for both parents and children. Couples planning
their childbearing patterns and those who counsel them and provide health
services need more information .on these effects. Studies have been initiated
on the effects of family size on child development and achievement, on the
health of the child and the mother, on the marital stability and satisfaction
of the parents, on the social and work roles of the parents, and on the econ-
omic welfare of the family.

Four studies deal with the effects of family size on child development and
achievement. One of these is studying the effect of age at marriage and time
of first birth on family interrelationships and children's personality and
cognitive development. Another is analyzing the effects of birth order,
socio-economic status and sex of infants to mother-child interaction and to
the cognitive and emotional development of infants . A monograph prepared
and published within the last year reports an inverse correlation between
intelligence of offspring and family size, even when socio-economic status
and intelligence of parents are taken into account, and explains this as an
effect of reduced interaction with parents as family size increases which
adversely affects the verbal development and operative intelligence of child-
ren. A recently completed study similarly shows that educational achievement
is lower the larger the family size, even when income is held constant.

Two studies are primarily concerned with health as a consequence of family
size and the spacing of children. One of these relates spacing and family
size to fetal, infant and early childhood mortality in a rural population,
and the other relates the impact of childbearing and spacing patterns on
the health of the mother and the development of the child in an urban
population.

Four studies deal both with the effects of family size on marital stability
and happiness and on social and work activities of marriage partners, parti-
cularly of wives. One is an analysis of the relationship between fertility,
marriage, marital dissolution, and remarriage. A second is studying the
consequences of age at first marriage and first birth, child spacing and
the number of children on parental satisfaction, marital satisfaction,
dissolution and remarriage, the occupational behavior and income achievement
of marital partners, the geographic mobility of the family, leisure activities,
and personal esteem of the marriage partners. The third is attempting to
relate the variables of age at marriage and at birth of the first child,
whether the birth was intended, and psychological traits of the husband and
wife to marital satisfaction, perception of marital conflict, occurrence of
separation and divorce, additional childbearing, overall childbearing
gratifications and problems, family economic wellbeing, wife and husband work
status and satisfactions and the health of the family members. The fourth is
conducting a 15-year follow-up of high school students to determine ways in
which family size, sex-role socialization, sex-role orientations, and marriage
are related to differences in education achieved, patterns of schooling,
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female labor force participation, and occupational status and earnings.

Consequences of Population Growth

Four studies deal with consequences of population growth. One at the Univer-
sity of Virginia is analyzing components of the Gross National Product (GNP)

in order to identify those that offset disadvantages of population growth
and therefore represent the economic costs of population growth. One purpose
of their study is to construct an index of economic well-being, which can be
used to estimate when the economic advantages of population growtii diminish.
A preliminary test of the model indicates that per capita GNP rises more
rapidly when population grows more slowly. Another study is also analyzing
the major effects of varying rates of population growth on the economy, the
resource base and the environment, including regional impacts. The interre-
lationship between demographic change and employment growth in metropolitan
areas, where "(0% of the U.S. population lives, is the subject of a third
study. Finally, a study of metropolitan population stability and decline,
designed to examine consequences of declining populations, had the unantici-
pated finding that in recent years those cities experiencing population
decline had been hastily built on a transitory economic base and had, as a

result, gone through a "boom" and "bust" cycle.

Distribution of Population

Five contracts have been concerned with the distribution of population in the
United States. One undertaken by TRACOR, Inc., developed into a Center for
Population Research monograph on Rural-Urban Migration in the United States:
Annotated Bibliography and Synthesis of Research by Price and Sikes

,
publish-

ed by the Government Printing Office. The U.S. Bureau of the Census, under a

reimbursable agreement, has studied migration by single years of age, using
data from Current Population Surveys to assess the joint influence on various
socio-economic and familial statuses on the probability of making different
types of moves during an individual's lifetime. It has also explored, through
i960 and 1970 census and Current Population Survey data for I96I-I9TO, how
the absolute level of individual and family income interact with other vari-
ables to influence decisions to move, the distance moved, and region of destin-
ation, and shows such consequences of migration as effects on earnings, trends
in income and fertility, and progress of children in school.

For a number of years, migration was from the rural countryside and smaller
cities to metropolitan areas, followed by a sizeable movement to suburbia,
and a concentration of blacks within central cities. According to a Michigan
University study, blacks continue to be concentrated in central cities and
in a few suburbs, but the increasing attitudinal receptivity of whites and
the rising economic potential of blacks portend shifts of blacks to the
suburbs with increasing residential and education integration. At the same
time a study on non-metropolitan population changes found that the open
countryside in Pennsylvania is attracting more migrants than are the small
non-metropolitan towns and cities, and that past and potential migrants appear
to prefer non-metropolitan residence, but at sites within comfortable reach
of the economic and social resources of larger cities.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title National Fertility Survey, 1970
Contractor Princeton University (NOl-HD-5-1048)

Money Allocated: $212,260 (FY 1970); $519,349 (FY 1971); $390,871 (FY 1972);
$165,699 (FY 1974); $20,233 (FY 1975)

Objectives : This study surveyed 6,752 women representing a national sample
of all ever-married women under age 45 in the conterminous U.S. to determine
fertility behavior and fertility expectations of American women. It was a
continuation of studies begun as the Growth of American Families Study, 1955,
repeated in 1960, and of a similar National Fertility Survey conducted by
the present investigators in 1965. The study compares fertility behavior
and expectations by age, marital duration, race, education, income and
religion, supplying data on the use of various contraceptive methods, and
the influence of a broad range of factors on their use. It included a sample
of women previously but not currently married.

Major Findings : This survey has documented a substantial decline (36 percent)
in the rate at which women were having unwanted children between the period
1961-65 and 1966-70. This improvement in the control of fertility resulted
from increases in the proportions of couples using contraception and, par-
ticularly, in the proportions using the more effective methods. A time series
on the use of oral contraceptives shows that the proportion of married women
under age 35 using this method rose from about 2 percent in early 1961 to

30 percent in 1967 and remained close to this level through September 1970.

The study also shows that the use of sterilization for the prevention of con-

ception has become much more common than it was. Among older couples of

childbearing age (wife aged 30-44) using any method to prevent conception,
25 percent report sterilization (12 percent of the husbands and 13 percent
of the wives). In 1965 the comparable proportion was 16 percent. Sterili-
zation has become the most common method of fertility control at the later

childbearing ages and oral contraception is the next most common (21 percent).

Significance to Biomedical Research and Program of the Institute : This study

continued a unique series of studies on fertility, birth expectations and

contraceptive practices among women in the U.S., and provides a base of

reference for prospective studies on contraceptive practices and the influences
upon the health of women and children. It is an essential part of the public

health aspect of the study of contraceptives as well as of attitudes toward
family size.

Proposed Course : This contract, initiated in 1970, will be completed in

fiscal 1976, with the publication of a book detailing findings of the study.

A follow-up of the study to determine to what extent fertility behavior since

1970 is consistent with expectations in 1970 has been initiated under a new
contract.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Contract and Collaborative Research

Contract Title : Longitudinal Study of Intended and Actual Fertility:

The 1975 National Fertility Study

Contractor : Princeton University (NOl-HD-5-2819)

Money Allocated: $589,950 (1975)

Objectives : Toward the end of 1975, some 3000 white women who were inter-

viewed in the 1970 National Fertility Study, specifically all those married
at less than 25 years of age, and not before 1951, whose first marriages are

still intact, will be reinterviewed, along with some 1000 white women of com-

parable marital status and age at marriage who married during the years

1971-75, to collect complete pregnancy histories and a record of use of the

various modes of fertility regulation (contraception, abortion and sterili-

zation) vis-a-vis each pregnancy. Data collected will consist of both retro-
spective and prospective fertility intentions, attitudes toward reproduction
and modes of fertility control, as well as information of explanatory value
concerning such topics as experience in the labor force, attitudes toward

sex roles and population problems, etc.

The purposes of the study are to document changes in reproductive behavior
between the late 1960s and the early 1970s, and investigate the sources of
those changes in terms of intermediate variables (fertility intentions,
exposure to risk, and use of modes of fertility regulation) and in terms of
underlying attitudes against a background of contextual variables, parti-
cularly those of economic status.

Significance to Biomedical Research and Program of the Institute : The study
is significant from an empirical standpoint, because no previous epoch of
American fertility history has shown such dramatic change as that currently
under way, and from a methodological standpoint, because this is the first
attempt to use a longitudinal design with a national sample, and thus to open
up the possibility of genuine causal analysis in this research area, as well
as to provide a basis for the assessment of the reliability of the vast amounts
of data which have been collected in the frequent, conventional cross-sectional
surveys. It will contribute materially to the Center's program of understand-
ing changes in fertility behavior of American women.

Proposed Course : This study was initiated in fiscal year 1975, and is expected
to be completed in fiscal year 1978.
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Contract ""itle

Contractor
•'onev Allocated

NTCFD ANTOAL ^FPO^'T

July 1, IOTU through June 30, I0T5

Behavioral f^ciences Pranch
Contract and Coll ahorat ive Research

A Study o*" Lov Fertility Cohorts in the United Ftates
deorfretown University (NOl-HD-3-2799)
*oo,Qll (1073); *l6,iU0 Cl^-^li): *2?,qi3 (1975)

Ob.jectives

:

This study seeks to eain a deeiDer understanding of the low
fertility of the lopn's and logo's in the United 'States, by studying the
cohorts of women born during l^oi-iQio. "TTiese cohorts achieved the lowest
'"ertility recorded to date in the demographic history of the United States.
The Dronosed study is comprised of three complementary narts. ^irst, an
analysis of existing data relating to the fertility of the 1^^01-1010 cohorts.
This involves data cleaning of the tapes from the Indianapolis Study, the
first of the major U.S. fertility studies. Second, there will be a review
of the demographic literature about the 1^2^ 's and 1*^30 's, especially that
which focuses on fertility trends, "^.ird, there is preliminary work which
will lead up to a sample survey of women born between 1^01 and IQIO. This
aspect consists of pretesting items and develoning techniques for interview-
ing these wom.en.

''%Jor bindings

:

The decline in the U.S. birth rate during the l^^^O's and
1^30 's can be attributed, in large part, to changes in the incidence of
sterility, abortion and contraceptive nractice. Sterility and subfecundity
appear to have becom.e more prevalent during that period than in earlier
decades. An increasing proportion o-^ couples used various birth control
methods or practices, and at the sam.e time efficient contracentives became
more readily available. Finally, althoup-h reliable data are lacking, it
appears that women resorted more ^reauently to induced abortion to terminate
unwanted pregnancies.

Significance to Biomedical Research and Program, of the Institute: As part
of the Institute's interest in understanding the determinants and conseauences
of fertility, this project will fill a major gan in our understanding of how
and why women restricted their fertility. The women under study had the
lowest total fertility rates ever recorded in the U.S. and yet they accompli-
shed this prior to the introduction of most "modern" contraceptives. The
motivations of these women and the means they used to implem,ent these m.oti-
vations will bear on our understanding of the general issue of birth control
and motivations for parenthood. By re-analyzing extant data the investigator
will make the fullest possible use of available information before attem.pting
to gather new data.

Proposed Course: Vnis study has been **unded for P'- months. Since the analyz-^
ing the available data leaves some questions unanswered, a field study m.ay be
undertaken to survey wom.en born IQi^i 1-1^10.
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Peinbursable
Agreement '^itle

Contractor
"onev Allocated

nCHD A'^'NIJAL PT^PO^'"

July 1, 1'^'^^ through June :'.n, 107=^

Behavioral Sciences Branch
Hontract an'^. Collahorative Research

ChildspacinfT and '"urrent fertility : l'"?^ '^ensus

'.'.". ^ureau o*" the Census (Pein.bursahle Agreer^ent

)

*-'JS,nno (< fiscal years, l^T^-in-';); -^=^,000 fl07^) ;

about ^2-^0,000 net (10-^1*1; *l-^0,cno (lo-^q)

Ob.-lectives

:

Froiri the l<^7n census a snecia.1 rr.apnetic tape -^ile was derived

dealing with women aged ll^-SU, including infornation where ap-nlicable on

husbands, children, and other household or family characteristics. 'I'he pro-

ject nrovides data by socio-economic characteristics f'or several population

grouns on: (1) age at marriage, intervals between marriage and first birth,

and birth intervals for later births by cohort to determine any chances in

childspacing patterns :^rom cohort to cohort; (^) the effect on fertility of
separation and of marital dissolution and remarriage; (^) unintended child-
bearing (pre- or imj^.ediately nost-m.arriae-e or after age 35 following a long
interval without bearing children); and (iO social and work roles of women.
Pata on current fertility, as measured by births and birthrates, in(^n_^,Q^

replace less precise lO^n census data on children under ^ive years of age.
A brief report on ma,-] or results will be Dublished early, followed by a special
l^^TO census Volume II report of som.e ^(^0 paeres on Childspacing and Current
'fertility, a,nd the magnetic tane ^ile will be made available ^or ot>-er re-
searchers. to use.

Significance to f^iomedical Pesearc^ and Program o'^ the Institute: "^e poten-
tial '^ruitfulness of this pro.lect for t^e study o^^ fertility correlates is

inestimable, "^he renort will nrovi'^e basic data on ch] Idsnacing of the ".C.

population, and the data ^^ile will pe'^m.it detailed -^ertilitv analyses hereto-
fore impossible to m.ake, facilitatins the study, for ex?!mnle, O'f the cnnse-
nuences of alternative childbearing and c^ildsnacinff n^tterns. A further
m.a.lor value of this research lies in its use'^ulness in relating fertility
nrocesses to such factors as emnlo^/ment , occunation, income, hoxising condi-
tions, etc.

^roposed Course; '^his research covered parts o:^ three fiscal years, 1<^7?-

l'^75, and it is planned to send the manuscript to -"PO in June, lO^c^ -for

printing.

(RAl-YOl-HD-3-1012)
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Reimbursable Agreement Title: Fertility Histories and Marriage Histories
Contractor: U.S. Bureau of the Census (NO1-HD-5-I020)
Money Allocated: $250,000 (1975)

Objectives : The purpose of this study is to collect data in the June 1975

Current Population Survey (involving approximately 50,000 households) con-

cerning marriage and fertility histories of both men and women. Data

collected are then to be analyzed for several important purposes: (1) to

obtain a better understanding of current fertility patterns by comparing
them with past patterns; (2) an up-dating of the annual birth expectations
series; (3) an up-dating of marriage, divorce and remarriage statistics.

The study will cover women of all ages and permit the analysis of marriage
and fertility behavior on a cohort basis.

Significance to Biomedical Research and Program of the Institute : This study

focuses upon one of the major emphases in the Behavioral Sciences contract

program-- fertility . It will contribute important information regarding
variations in both the number and timing of births for various cohorts of women

since about 1900, and regarding the influence of age at marriage and divorce
upon fertility.

Proposed Course : This reimbursable agreement was initiated in fiscal 1975

and will be completed in fiscal 1976.
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Contract Title
'Contractor

'onev Allocate^i

NICHD AriTvlIAL PFPORT
July 1, mik through June 30, 10^5

Rehavioral Sciences Branch
Contract and Collaborative Research

Denofrraphy of the Black 'Population

University of '^exas (NOl-HD-3-2708)
+ 0,-7 TOP fl07T); *S,nTl flOTS)

Oh.-iectives

:

The purpose was to analyze trends in the deirop;raphic characteris-
tics of the black ponulation and to compare these with trends in the white

nonulation. "^he basic analytical apnroach was a cohort analysis by sex and

color. T^uildinfT on the -nrinci-Dal investie'ator' s related study for the l^'^'^n

census, Changfinp Characteristics of the ^Teo-ro Population: A 1*^^^ Census ^ono-
p-raph , n.r>.G.P.O., 1'^'^^, this nroject made uro.lections and soueht to ex-nlain

chanR-es from I'^'^O to l^'^D, 'ocusinp on the e-f^'ects o"!" chanp;es in social policies,

Although the -oeriod ^rom I'^'^O to I'^'^'n ^as emphasized, the I030, loUo and
lioco censuses were utilized, '^opics dealt with were income, education,
hone ownershin, place of residence by reeion , urban and rural, relationship
to head of household, employment status, and the beginninp of a series on rep'ion

of residence by state o*" birth, migration, population distribution, occunational
structure and change, and marital patterns and household composition.

nip-nj-^icance to ^iom.edical Research and '"rogram of the Institute: '^e dynamics
of the black population are not well understood and have not been systematically
analyzed. Unlike m.ost -previous studies this one focuses on the black -norulation
anf^ consi'iers the white nonulation only as a reference noint for differential |

chanp;e,

'^a.ior ^indinp-s: ^oth black and white -females show increasing: rates of labor
force narticination, which are likely to continue due to the higher bep-inning
levels of participation of younp- '"emales. Blacks have twice the unem.ploym.ent

rates of ^^^hites except for black females with the least and most education and
^or black nales over '^5 years of aee with 1^ or more years of education. 'T'he

cohort analysis o-^" occupational trends indicates that black fem.ales are making
more rarid occutiational f?ains than are black m^ales, have f^oved outside private
household work a.nd are closinp the pari between them.selves and white "^em-ales in
professiona,l and cra:ftsm.an occupations as well as in clerical and sales occu-
pations, '"'le ratio o*'" black to white median earnings as a measure of incom.e
di ^-^erential for males declined with increasing; education below the (graduate
level but for -^em.ales increased for all levels of education.

'Proposed flours e: ^-^x-oected to be completed in ^^^ 1<^TS. I
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Contract Title
Contractor
^'onev Allocated

niCHD ANfJUAL RFPORT
July 1, 1Q7U through June 30, 10"^^

behavioral Sciences ^^ranch

Contract and Collaborative Research

A ntudy of the Orowth of Mexican-American families
University of California at Los Anp:eles (NOl-HD-1-2215)
!'"^l,Pll (1^71); '*lP,'7'^s dOTl); *?3,17^ (I^tU)

Cb.jectives

;

The objective of this research was to desigm and carry out an

exploratory analysis of the determinants of -fertility and family planning
amonF "^exican-.Anericans in Los Anpeles County. *^ext to Blacks, ^exican-
Ajnericans constitute the most important minority in the United Ctates and
have the hierhest fertility of any ma.lor cultural or ethnic m.inority. T^e
study emphasized the effects of social structure and social norm.s on ferti-
lity and family planninf; but also considered socio-nsycholopical variables.
A m.ultistape nrobability sample of 1200 R-nanish-surname wom.en of childbearinf?
ap-es was interviewed to collect the :f"ollowinp data: (l) reproductive exper-
ience, including; a history O'f births and pres'nancies as well as nximber of
children expected or desired: (2) past and anticipated contraceptive usajre;

and (3) determinants o'f both reproductive and contraceritive experience. More
specifically, these determinants include knowledsre of, and attitudes about,-
contraceptive practices and fam.ily size, extent of orientation toward or in-
volvement in ^^exican-American society, socio-economic status and social
mobility, fam.ily structure, characteristics of community residence, migration
history and religious practices.

P ignificance to Biomedical Research and Program O'^ the Institute: The 'Mexican-
American m.inority is of particular interest because it com.prises one of the
minority groups and enclaves of high -fertility in a nation with generally
declining fertility.

^'a.^or ^indinps; Mexican-Americans in Los Angeles as of 1"T7'3 were practicing
contraception only slightly less—but were more likely to use the most
effective forms o-f contraception (the orals, IIJPs, condom, or diaphragm.)

—

than were blacks or whites in the United Ftates as of 1<t^^. Moreover, there
was a much hip:her use of the lUDs by the Mexican-American group (pH"*) than
by U.S. blacks or whites (about 3").

Proposed Course: This contract, funded in June lo-^i, expired in ^"^ l^^^;
the final report is forthcoming.
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riCH'^ ATT'UAL PFPO^'T

July 1, If^Tli through June •^'^, l^"^"^

!^ehavioral Pciences ^ranc^

i^ontract and Colla'horotive ^enearch

fcntract "Title : A f^tuay o^ 'fertility of r.panish-Ar.erican Populations in

the T'nited Ftates and their Pocio-Fcononiic ""'orrelates

Pontractor : T^esearch Institute -^or the "^tudv of Man, "'ew YorV

"oney Allocated : ^^5'-,31^> (l^^?) , about ^^'^,-'-^ (1075^ (NOl-HD-2-2795)

^''-'.-'ectiveF;

:

Usinp; data fron standard and special 1^'^'^ and earlier decennial
census ta."hulations , this study exanines t^^e fertility (and its socio-economic
correlates) of the na.jor fnanish-ATnerican -nonulation a-rouns in the n.^.:

"exican, Puerto Pican, '^uhan, Central and Pouth American and the decendants o*"

the orip-inal (iTth and l-°th Century) Pnanish proup. In^orration on countr>'- of

hirth of the foreirn torn and the foreifrn-horn narents o^ the native "born, on

mother tonrue, and Fpanish surnarr.e a^'e hoinr used with data on children ever

horn and such standard denoFranhic itens as afe, sex, marital st.<3tus, educat-

ional attainnent , lahor ^orce and em-nloynent status, "^amilv income, etc. ato

ascertain -fertility trends and dif-^erentials amonp these prouns

.

Pip-ni -ficance to Biomedical ^esearc'" and ""rogram q-^ the Institute: ^romi a no 1icy
I'Oint of view for fam.ily planning- prop-rars, etc. it is desirable to have base-
line data as to the level and trends o-f fertility amonc t>-e various P-nanish-

American po-nulation rrouns—Puerto ^icans concentrated in the "ev '^ori' City
area, "exican-Americans in the Southwest, and the Cubans nrimarily on the Fas
^astern seaboard, "'his study is the first to attem-pt to look at these PTOups
as a totality and at the similarities and dissimilarities amonp- them.

"a.^or bindings Purinp Year: A paner on "...the fertility and Occunational
Com-position of the '"exican-American and Puerto ^ican Original Po-pulations

Living on Mainland U.S. "found that: (l) for both groups fertility decreased
vith increasing education and -^or high school graduates by l^^TO the fertility
of ^'exican origin women was only moderately above that of all white U.S. women
while the fertility o-'' mainland-born women of Puerto ^ican origin wa.s actually
eaual to or below that for all white H.C. women; (2) among Puerto ^icans ferti-
lity was higher at each educational level -for island-born than ''or mainland-
born women: (3) fertility of Mexican origin wom.en in the ^'.S., while higher
t^an that for all white U.S. women, has decreased more than has -fertility o^
vramen still living in '"exico; CO occu-national com.-nosition o-f "exican-American
men show marked improvement between l^^^^ and 1^70 but still lags a generation
behind that of the total U.S. male population; ( '^') island-born "^uerto ^icans
are roughly on the sam.e occu-oational level as the ""exican origin and ^'egro

-no-nulations , but the mainland-born ""uerto '^icans are—or with-Jn nerhaps two
decades will be—indistinguishable from t^e occu-oational profile o-f the general
U.S. population.

Proposed Course: "his contract, initiated in 1^'^P, -^or a three-yca.r period has
been extended to ^Y '^'^.
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NICHD ANTTIJAL RT^POR"

July 1, 107^ through June 30, 10T5
Behavioral Sciences Branch

Contract and Collahorative Research

Contract '^itle : "^e Impact o^ ^cononic, Denoeraphic and Social Factors
on fertility '^rends in the United States, 1Q1T-1'^'''2

Contractor : Indiana University (NOI-HD-4-2855)
Money Allocated : :*^120,QU3 (l07li)

0"b.1ectives

:

The purpose is to increase our understanding of cohort and
annual trends in fertility in the white and non-white populations over the

period 191T-19T2. A time series analysis of national data will distinguish
between several components of the fertility rates (age, cohort and annual
effects) and will investigate the relations between deviations from fertility
trends and economic trends. This analysis will include relative status as

an exploratory variable and will add controls (current economic conditions
and simple income effects for young men) to allow an estimation of the net

effect of relative income on fertility. The second anproach will "be an

examination of the relative impact of the Fasterlin income ratio when other
independent variables (e.g., "marriage squeeze," military manpower, and

school enrollment) are controlled. 'Tiird, "get along income" (as m.easured

by Callup Polls) will be substituted for the relative income status measure;

and, fourth, female opportunity costs will be introduced in the analysis o'''

fertility and female marital status. Analyses will be extended to subgrouns

wherever possible. Finally, state data will be used to test the Fasterlin
hypotheses.

Significance to Biomedical Research and Program of the Institute: '^e testing

of Fasterlin 's theory and alternatives to it is clearly relevant to R'P'P 7U-B

concerning "the social and economic determinants of -fertility in the United
States, 1QU0-1Q70." The development of new measures is considered reouisite

to the proposed test.

Proposed Course: This contract is funded for two years.
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TTIC^D ANFJAL Rt=:POPT

July 1, 107U through June 30, 1075

Behavioral Sciences Branch-

Contract and Collatorative Research

Contract '^itle : An Rcononetric Analysis of ^¥.ited States Fertility

Chanp'e, 1^';^^' to 1^^*^^

Contractor : University 6f Michi0:an, 'Potiulation Studies Center

•-'oney Allocated : *^0,nQ7 (iotU) (NOI-HD-4-2857)

Ob.lectives: '^he nurpose O"^ this study is to suh.iect the Rasterlin hypothesis

to forpal r^odelin? and econoTietric testing and estimation by usingr the loUC-

1073 period o-f observed T^S. fertility as evidenced by data from the National

Center ^or Health Statistics and from ("urrent ^^opulation Surveys and decennial

censuses, '^he pro.lect has four specific aims. 'Tie first is to model the

effect of -Donulation size and ape structure on relative income, which in turn

is used to r.odel fertility. In this regard, "di:^ferent ape groups of labor

are vieved as imperfect substitutes in production," sue-eestina; that "a larger

cohort will thus tend to receive reduced ape-specific incomes over its life

cycle..." '"he second aim is to test the model usine simultaneous enuation

mef-ods and ape-spec i-^ic data on fertility, population, income and labor force

participation in the United States over the period specified. The third aim

is to "ana.lyse the dynamic behavior of the estimation model .. .usinp spectral

analysis techninues." 7he fourth aim is to develop fertility forecasts based

on the estimated model.

Sipnificance to Biomedical Research and Propram of the Institute: This pro-

posal is hiphly rc-levant to the testinp of the Fasterlin hypothesis reauested
in the ^^P 7h-0 concerning- the "social and economic determ.inants o-^* fertility

in the United States, inho-loYO." ^^e approach promises to make a very valua-

ble contribution both substantively and methodologically, being particularly
suitable to the problem at hand, i.e., the elasticity-of-substitution relating
to various a.pe proups is ingenious, and the data are appropriate. It may

contribute also to -forecasting future fertility—a very important factor in

biomedical research.

'"a.jor ^indine-s: Relative declines in median income ^or youns-er ape proups
in the I'^'^^s were apparently due m.ore to chanpinp enrollments and conseauent
changes in the '^ull time-part time worker distribution than to size of the
younp-er a.p-e proups. '^he size o-f those a^e srroups principally affects timing,
shi-^tinp fertility to later years, while the size of the potential labor force
(aees l'i-<'^h) exerts uniform downward Pressure on fertility -'"or all ape groups.

Proposed Course: '^his contract is funded for three vears to June l^^'^T.
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NICHD ANNUA.L REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : A Comparative Analysis of Economic, Age Structure and
Sex Role Determinants of Recent American Natality Trends

Contractor : Center for Policy Research (NOl-HD-4-2854)
Money Allocated : $62,267 (1974)

Objectives : A multivariate analysis of American natality trends since 1950
will be carried out, using a causal model to link social, economic, and
demographic variables. Major sets of independent variables to be used in

the model are (1) current economic conditions of young adults relative to

expected conditions; (2) sex roles and female emplojmient; (3) the age struc-

ture as reflected in marriage and employment opportunities; and (4) the
availability of contraception and abortion. Basic data to be employed in

the analysis will be from the 1955 and 1960 Growth of the American Family
studies and the 1965 and 1970 National Fertility Studies. Additional data
for "cohort variables" will be collected from census materials. Models
will be constructed and data analyzed for each survey period. As a second
stage, the data will be longitudinally analyzed. A final version of the
causal model will be utilized to project natality estimates. A more re-
stricted model (owing to data limitations) will be used to calculate re-
verse projections of natality. This proposal should provide some evidence
of the methodological significance of the proposed multivariate causal
analysis approach to analyzing natality trends since 1950.

Significance to Biomedical Research and Program of the Institute : This
research is relevant to the Institute's interests in the correlates and
determinants of fertility trends over time.

Proposed Course : This study will extend beyond fiscal 1976.
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"Tr"D ANNUAL. pT^rOP'^

July 1, l^-^;: thrnufrh June ""^j l^v-;

behavioral f^ciences "Pranch

Contract and Collaborative Research

Contract 'T'itle : fertility i^hanp-e A-^ter +^e ^ahy ^oon : '^he Pole of
Fcono'^ic Ctress, ''^ein.ale ^rrnlo^Tient , and 'Education

'Contractor : '^he University o*" ^'ic'^^ifar , Institute ^or Cocial ''esearch

"oney Allocated : ^Plli.^^U {\'~>^''>) (NOl-HD-4-2856)

^b.jectives

:

'Undertake ^our studies i.'itVi resnect to the recent change in U.C.

fertility as the dependent variahle: (l^ an exar'ination o'*' individual
chanties in fertility expectations hetveen IQ'^T and If^^? usinp survey data
"ror a panel O"*" '^"^' househol-^s to evaluate hov changes in eTnt)lo;'n^ent status,
incone, and consurTtion activities relate to expressions O'^ exnec+ed -fapily

size and actual reproduction ; fC) analysis of the relationship het'.-reen chanp'es

in fenale hip-her education and e'^nlo^^ent between 1'^'^''-, and l"^":"^ to chanrinp
fertility of cultural suhp-rouns hy usinc i^-ro-.^th o'^ American ^anily and ^'ational
fertility Rtudy data; f?) the possible relationship o^ the chanp-ine- sense of
econo".ic vell-heinp" between I'^'^P nn'^ 1"''"', to fertility by usinr .^urvey

"esearch Center consurer attitude surve" data and -fertility statistics: and
(U) testinfT the Fasterlin hypotl'esis by usinr new ricro-level survey data on
^a^-ily incore, history a.nd consu'^nt ion asnirations, and childbe?=rin(^ "oatterns

.

r^jgr.ificance to Cio"iedical Research pnd '^rorra'~ o-^ the Institute: '^^he prefect
is thoroughly relevant to ^'^'^ "h-o concerned with "the social and econoric
deterrinants of fertility in the United rotates, 1T!;0-I07n." ""he anderlyin^y
idea is important and orip-inal, and the results are likely to have considerable
sirnificance to expandinr our understan'^inp of t^e deterrinants of •''ertility.

''a.lor bindings

:

Preliminary results o^ tb,e relationship between income and
fertility are mixed. Analysis of the first, seven waves o:^ the ontroinp nanel
study revealed that chanees in the hus'^'^nd's income did exhibit a positive
relationshin with the number of children born, but yet to be taken into
account are the confounding effects o'*' are: younger respondents are more
likely to have ^avorable income trends, smaller initial family sizes, and
more freauent births, ""estinp of the relations'" in between consumer confidence
and ontim.ism about the future and fluctuations in affP"repate fertility rates
between lOSP and l^'^'^ supp-est no direct relationshin between changes in the
Index of Consumer Centiment a.nd fertility, so analysis has turned to testing
whether ef*"ects are di-f-*"erentially mediated by stapes of the reproductive
process: ap;e at marriap-e and first birth, and the spacing of subseauent births,
especially between the second and 'third child.

^roposed Course: T'his contract is funded ^or two vears , bepinniup in June
IOtL.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Analysis of the Decline of Fertility in Europe by
Province

Contractor : Office of Population Research, Princeton University
Money Allocated : $68,670 (FY 1970); $87,160 (FY 1971); $21,977 (FY 1972);

$113,384 (FY 1973); $49,603 (FY 1974); $30,062 (FY 1975)

Objectives : The purpose is to analyze the decline in fertility in the more
than 700 provinces in Europe from the time in the 19th Century that fertility
was essentially constant until the present, or until it reached a minimum and

began to rise. Its aim is to determine the circumstances, in terms of the
education, religion, occupational structure, residence patterns, etc., of the
population, under which fertility declined. This study will make a definitive
contribution to the social history of Europe and will substantially improve
our understanding of the factors relating to the decline of fertility.

Major Findings : So far, three books have been published as a result of this
project: A Century of Portuguese Fertility ., by Massimo Livi Bacci; The
Decline of Fertility in Germany After 1870 , by John Knodel; and The Female
Population of France in the Nineteenth Century , by Etienne van der Walle.
In addition, a great deal of methodological development has occurred as a

result of this study— particularly a new procedure for reconstructing age
distributions on the basis of time series of births and deaths.

A recent finding of general interest relates to the effects of declines in

infant mortality on the fertility rate. It has generally been supposed that
a decline in infant mortality is a pre-condition for reductions in fertility--
that is, reductions in infant mortality tend to increase average number of

surviving children, and parents compensate for this rise by having fewer
births. Knodel has shown that in Germany the decline in marital fertility
and the decline in infant mortality proceeded at about the same time, but
in almost half of the provinces the decline in fertility came before the

decline in infant mortality.

Other findings suggest that the diffusion of knowledge about methods of fer-

tility control may operate to reduce fertility independently of some of the

social and economic factors often thought to be essential in accounting for

reductions in fertility.

Sienificance to Biomedical Research and Program of the Institute : Fertility
has been designated as an area of the highest priority by the Center for

Population Research. This study will furnish information in far greater
detail than has previously been available on the social and the economic
factors associated with the decline in fertility in many countries of Europe.

Proposed Course : This project, under way for several years, is expected
to be completed in fiscal 1976.

(NOl-HD-0-2077)
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Contract Title

Contractor
Konev Allocated

NICITD ANriTJAL RFPOPT

July 1, I'^lh throusrh June 30, 1975
Behavioral Sciences Branch

Contract and Collaborative Pesearch

Urbanization, Mip;ration and Fertility in Thailand

Brown University (NOl-HD-0-2190)
*.?«,^li7 (1^70); .'^02,UT5 (1071); !*.70,650 (1Q7!^)

Objectives: "he purpose is to analyze census and national longitudinal sui-vey

data to determine the relationshir) between urbanization, migration, and ferti-

lity. Data include: (l) cross-sectional and trend data on urbanization and

on the relationship between fertility and socio-econoinic variables based on

data collected in the I'^'^O and I'^'^n '^ai censuses; and i"^) rural and urban
data from the 'Tational Longitudinal Survey of Social, Fconomic , and Demograxjhic

Change in '^'hailand, IO^R-Ioto and in7P_l073; (3) rural-urban labor force,

occuDation, and industrial di'^'ferentials and data on literacy, education, and
reliG:ion; and (^) data -for integrating the material from the rural and urban
survev oiDerations. I

i

Significance to Biom,edical Pesearch and Program of the Institute: In analyzinf^
new data on rural, urban and other socio-economic differentials in fertility I

for a culture nuite different from, that in the United States, this study will
i

add another perspective to the understanding of influences upon fertility
behavior.

'"'a.jor bindings: The high fertility and low m.ortality characterizine Thailand
Dlace its -population amons: the fastest growing in the world. Yet within
Thailand there are considerable fertility differentials by residence, educa-
tion, occupation, and religion. Fertility in Banp-kok was ?5'^ below that of

\

most of rural Thailand, corroborating the impact of urban residence on ferti-
lity. 'Education is also inversely related to fertility, regardless of resid-

j

ence. Some 70'^ of all male household heads living in urban places in 1Q70
were born elsewhere—two-thirds in rural areas and one-third in urban areas.
Afe and occupational data sugs-est "stepping stone" m.ieration from rural areas
to Bangkok and then to provincial urban places, ^or older women the sharper
differential is between these with no schooling and those with prim.ary school-
ing; -for younger women achievement of more than a primary education has the
grea.test effect on fertility. With respect to labor force part icit)at ion and
fertility, -^arm wom.en have the highest fertility, "^here are also significant
fertility differentials among religious groups. Controlling for both age and
urban-rural residence, Confucian women have slightly more children than do
Buddhists; '"'oslem women have the fewest, ''•^ore freauent divorce and rem.arriage
may reduce Moslem rates, but "oslem women lim.it t^e number of their children
more than do other women.

Proposed Course: ^.e contract, initiated in 10"^^ has been extended to FY 1<^''^
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

A Study of Social Mobility and Fertility Control
University of Colorado (NOl-HD-2-2797)
$116,263 (1972)

Objectives : The purpose of this study is to test an hypothesis concerning
the urban mobility process and its relation to the utilization of family

planning practices. The investigator hypothesizes that as residents of

central city slums in the Philippines improve their earning capacity they

move to squatter settlements on the periphery of the city and in the process

both the economic value of children decline and their aspirations for their

children increase, with the result that the squatter settlement residents
develop desires to limit their family size and adopt family planning. He is

testing the hypothesis in Davao City through demographic surveys of central

city slums and squatter settlements and intensive interviews of a sample of

households in those areas and examination of family planning records. Ethno-

graphic interviews with key informants in each area studied will be conducted
for the history of the settlement. The study is expected to contribute sub-

stantial reinforcement to the mobility theory in respect to adoption of small
family values and birth control practices. The investigators are familiar
with the area in which the study is being conducted.

Significance to Biomedical Research and Program of the Institute : This study
is expected to contribute substantially to knowledge regarding factors in-

fluencing reduction of fertility generally and in an Asian setting particularly,
and thus contribute to the improvement of theory of fertility. It will also
contribute to the improvement of family planning program policy in suggesting
strategic locations for program efforts in underdeveloped countries.

Proposed Course : The study is scheduled to run for two years and will be
completed in FY 1975.
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Sex Role, Family Structure, and Fertility Control
Indiana University (NOl-HD-0-2192)
$207,260 (1970); $37,120 (1971)

Ob jectives : The purpose is to study the relationships between definitions
and perceptions of male and female roles within the family and achieved and
anticipated fertility. The specific concern of the study is with those
decisions relating to childbearing and with the antecedent conditions that
structured them, with emphasis upon the husband-wife interaction and,
particularly, with reference to the alternative sets of roles and rewards
which are perceived as valued and open to the female. Emphasis will be
placed upon the effect of the wife's employment and career orientation upon
decisions with respect to the size of family. The contract involves the
interviewing of a regional probability sample of 3,000 persons, 15 to 45
years of age, drawn from the East North Central Regional of the United States.

Major Findings : In this analysis role modernity emerged as a stronger pre-
dictor of birth intentions among young married couples than did race, religion
or sex. The less traditional couples are in terms of their definitions of
appropriate husband/wife behavior, the fewer children they intend to have.
The more that wives adhere to and husbands concur with modifications of
traditional husband behaviors requiring males to relinquish their long- i

standing perogatives (allowing wives to gain greater individualistic grati-
fications) the fewer family-oriented rewards are intended. In seeking al-
ternative rewards couples are motivated to avoid the costs of a greater
number of children. Higher status males appear to be motivated toward having
fewer children than lower status men both because of their own orientation
toward individualism and their acceptance of their wives' individualistic
interests and lower status men may want more children because they obtain
fewer gratifications from their occupations.

These data also suggest that feelings of empathy--satisfaction with husband
and wife communication and understandtng--are related to reduced birth in-
tentions. To the extent that empathy is a valued marital reward it tends
to function as an alternative to familistic satisfactions. Furthermore,
empathy seems to be related to the setting of agreeable fertility goals and
the successful practice of contraception.

Significance to Biomedical Research and Program of the Institute : This con-
tract bears on many aspects of the Institute's concern with contraceptive i

practice and family planning: age at marriage, decisions affecting fertility,
alternatives to childbearing, such as employment of the woman, probability of
divorce, and socialization for marriage and parenthood.

Proposed Course : This contract was initiated in FY 1970 and will terminate
in FY 75.
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?!ICFT5 ANinJAL RFPOP'^

July 1, I07U through June 30, 1075
Behavioral Sciences Branch

Contract a.nd Collahorative Research

Contract '"itle Social-'^sycholocical rorrelates q-^ Urban Fertility
Contractor Bowling Cireen State University (NOl-HD-1-2028)
Money Allocated : .'^TTjiOU fiovi); *?h,3(^7 finvo); !*>oo^c?7 (1^73);

^Plj'^SP {in7U)

Ob.^ectives

;

This research, involving a re-interview o^f 75L mothers interviewed
in Toledo in IP63 and a sannle of ^,0^0 married women in the ""oledo SYSA, has

several interdependent oh,1ectives designed to test '"or nossihle associations,
Tjsychological and dem.ocraphic variables: (1^ to determine by means of longi-
tudinal study the degree to which -nresent -family size can be predicted from
alienation scores obtained from the sample of m^others in 1^^3; (?) to determine
the extent to which the obtained differentials in -fertility by alienation
variables in previous research would be accentuated and re-^ined in a community-
wide sample that would include mothers who are continuing their childbearing
as well as mothers who have successfully teirm.inated their fertility; (3) to

identify some of the social and demographic factors associated with differential
kinds and degrees of alienation among mothers at eiven age, parity, and marital
duration levels: (U) to determine the extent to which selected husband-wife
interaction patterns are associated with differential alienation-fertility
relationships: and (5) to derive a conceptual model of differential fam.ily nlan-

ning and fertility behavior by combining stratification, religion, mobility,

alienation, family, and information variables.

Significance to Biomedical Research and Program o-^ the Institute: A study of

the social psychological factors affecting fertility will make an important
contribution to our understanding of fertility behavior, t^e sine qua non of

the Institute's program in population research.

Ma.^or Findings; A -oositive association was found between hicth alienation scores

and early marriage and hiph incidence of premarital and early pregnancies. High

alienation scores in 10^3 were associated with higher levels o-f fertility over

the next eight years and with higher -nro-Dortions of women who wanted no addi-
tional 'children but who had additional children nonetheless. Alienation scores

remained relatively constant over the eight-year time interval. A positive

relationship has been found between lower socio-econom.ic class status and hieher

alienation scores.

Proposed Course; This study was -^unded in 107i, and extended with additional

funds in 1'5'''2 because of delays in obtaining clearance, '^.e pro.^ect was

cora-Dleted in FY 75.
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Contract '^itle

Contractor
''onev Allocated

NICm ANmiAL P^POPT
!>]

July 1, lo-^li throu(?h June "^0, 1075 \
Behavioral Sciences Branch !

Contract and Collahorative Pesearch
j

Pole and 'fertility Patterns of Mrhan "''others
j

ColuF.bia University (NOl-HD-2-2038)
.i-qp Rpp (1070).. +0 <^";7 (10^7) -^ *so,?oU (107I;):

i
Ch.lectives : This pro.^ect is exploring the relationshin between female roles

and fertility, '^he major hypothesis o'f the study is that timinfr o-f the first
hirth greatly in-^luences the nunber and tiniinp of subseouent births, the manner

1

in which a woman views herself in relationshii) to familial roles (i.e., mother I

and wi-feK and how she perceives herself in non-familial roles, (e.g., student
and worder).' The nrincipal investigator is conducting an exploratory study of

|

women in the ?Iew York area between the ages of IS and ?o vho have recently born
;

their first child, ,'^he research instrument concentrates on the determ.inants and

timing of the -first birth. Snecific areas to be explored are the socialization!
process the sub.iects underwent in terms of their i^am.ily of oriein, ''riends,

j

social econom.ic status, religion, race, and their perception of their mother an(3

father. V/omen were interviewed after their first birth and then followed-up
|

with a second interview one year later. 1

"a.'or bindings: '^relir.inary analysis of this data shows that the median aee of I

^irst hirth for this sam.ple was "'1.'^ years and t>^at ?7 r)ercent of these births
were illegitimate. Approxim.ately hal-^ o-^ the wom.en (aged IS-?*^) had used con-j
tracertion '^rom the tl'^e sexual activity wa.s initiated, and only IP percent haJ
never used it. "^his study sl^owed t^at a young woman's -^a-ilure to use contraceri-
tion while saying that s^e was not trying to become nregnant was o-^ten the I

result o:^ weak motivation or noor contracentive information. Accessibility of
j

contr»,centives and interpersonal barriers were also -factors, "ost (<^'^°') of the'
women who said their -^irst birth was unplanned said thev wished it had come lat^
or never, while only K percent of the women who had planned their births felt
thi'^ way. At the time o-f the first interview almos-^ half 'A^f) o-f the women sal
their ideal family size was two children. Placks and low income res-oondents wel
more likely to respond with an ideal -^amily size of ^ or 1 than were whites or
those with higher incomes. At the time o-^ the second interview ''^ -nercent had
revised their ^amily desired downward and only 1"^ percent had revised them up-

\

ward. Still, about half desired a two-child family.

Significance to "iomedical "esearch and Program of the Institute: This -nroject
has gr^at -potential for increasing- our knowledge of the factors w^.ich determine
fertility at the individual's level. As a result, f^.e information which may
ultimately come from the pro.iect will b? valuable for the medical and allied
professions in advising -nersons how to bette-^ p].an their ^a'^ilies.

Proposed Course: '^his nro.lect will ter^-^inate in py '^(^.

€

CI
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July 1, 107U throuffh June 30, lOTS

Fehavioral Sciences Branch
Contract and Collaborative Pesearch

Contract '^itle : ^^he Fffects of ^urtiosive-Pationality, 'traditionalism.,

and Economic Aspirations on the Process of Family

Formation (extended to include) The Work and Childcare

Patterns of Women After the Birth of "^eir Thirst Child

Contractor : University of Kansas (N01-HD-1-22I3)
Money Allocated : .*'UU,00n fi^v 7l); *32,36o (FY 73): *13,323 (FY 75)

Oh.lectives : The original purpose was to find hov sequential decision-maVin^

as to the number and spacinp' of births was affected by three independent

variables: Durposive rationality or ffoal orientation, traditionalism, and

economic aspirations, "^e study was subseauently expanded to obtain data on

socio-economic backf^round, attitudinal and aspirational variables to determine

the rationale for, and effect of, women working outside the home and the

characteristics of their work patterns since the birth of their first child.

Special attention was given to how the kind and availability of childcare

facilities or arrangements affect the mother's work activity, '^o Question-

naires were administered in three Kansas counties in a longitudinal study

pertaining to the process of family -formation among 1,000 young couples who

had their first child in 1Q71.

Significance to Biomedical Pesearch and Program of the Institute: This study

of how persons m.ake decisions concerning family formation and about factors

that encourage or discourage labor -force participation of a woman when her

first child is about two years old is o-^ particular cogency at this time when
significantly large niMibers of wom.en born in the postwar period are entering

the prime labor force, m.arriage, and family-formation age grou-o, many o-^ whom

are reported in the labor force.

""ajor Findings: Fconomic aspirations and traditionalism were related to

fertility intentions and desires as expected. However, women who believe

that one can influence one's future want and expect m.ore children but -olan

to space them., '"his finding is consistent with other midwestern studies in

which people said they wanted "^ or more children but were still concerned
with environmental Questions.

Pro-nosed Course: This pro.lect, initiated in 1072, is to be com.pleted in

FY lf>.
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July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

1

Contract Title
Contractor
Money Allocated

Attitudinal Factors Affecting Family Size
Worcester Foundation for Experimental Biology (NOl-HD-1-2038
$40,089 (1971); $42,397 (1972); $39,036 (1973); ,

$19,000 (1974) t

Objectives : The purpose of this research was to explore the relationship
of sex role stereotypes to background traits, reproductive behavior and

employment activity. Sex role stereotypes are characteristics typically
associated with people on the basis of their sex or gender. The sample
consisted of 1000 persons--375 married women, their husbands, and 125 each

single men and women. The subjects for this pilot study were obtained from

local civic, professional, religious and labor union groups and were selected

to be representative of different socio-economic and religious groups.

Major Findings : This analysis has indicated that there are at least two

major and essentially unrelated dimensions of individual differences related
to reproductive and career phenomena in women--"competency-incompetency" and

"warm-cold" dimensions of self-concept. Apparently both dimensions of the

sex-role self -concepts act as moderators of other factors which impinge upon

reproductive behavior. The significance of social class for reproductive
behavior depends on the woman's self -perception on the competency dimension;

the impact of employment depends upon whether the woman sees herself as \
"warm" or "cold" and as "competent" or "incompetent". Even the effects of

the woman's perception of her own competency on her reproductive behavior
depends upon her perception of her "warm-cold" status. Competency tends to

moderate reproductive behavior in an adaptive manner in response to the

pressure of other factors, both external and internal; and self -perceptions

of "warmth" in women act to induce extremes of reproductive behavior, the

direction being dependent upon self-definitions of what constitutes good

mothering. Both socially desirable poles (warmth and competency) have
effects on reproductive behavior that are interpretable as adaptive. The

socially undesirable poles tend either to be unrelated to reproductive
behavior to or be maladaptively related to such behavior. While these

findings are based on a restricted sample, they offer insight into how per-

sonality characteristics may influence fertility behavior.

Significance to Biomedical Research and Program of the Institute : This

study of several aspects of the relationship between achieved or olanned

fertility and the perception of the sex role of women has importance to the

understanding of fertility behavior, which is crucial to the Institute's
mission

.

Proposed Course : This project was completed in fiscal 1975.

d
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fontract '"itle

Contractor
f'onev Allocated

?-Tr'"^ A'^'I'AT. DT7PO"'"

Julv 1, 1^'^^.: t^roM.cr^. June ^'^ I'^T'^

Beb.avioral P^ciences '^ranch.

Contract f^w^. '^olla'horative Pesearc'".

"^he ''^T.ployed VJonan: "arrily '"lann:n"" an^i Ta.reer?

i'niverslty o-^ rali-^ornia at ^os Anj-eleB (NOl-HD-2-2701)

O'b^ectives

:

'"he Tiurriose of this researc'^ va<^ to study f^e hehavior and "lotiva-

tions O'^ 1?'^ ennloyed career vo^.en relating *o '"er'^'ilit;.' and fanily planninp-

and to snecify the -patterrs o"^ ordering of -fatiily and vork . Psychological
motivations -^or havirp- children vere delinea.ted and the intensity of desire ''or

children vere cor.pared ^or eac^. proun o'^ worsen vi*^ -^^.e intensity o'^ desire

for various alternatives to childhearinp.

?ig^ni'^icance to Pioredical "esearc^ '^r.fl ^ropra-^ p-f the Institute: '^his study

represents an atter^rt to p-ain insirht into the relation o-^ :^arily li'^.itation

a.nd childhearinp and work experience and asnirations o"^ wonen.

^^a,ior ''^indinp;s: '"his research identi'^ied wV^ici^ r^wir'^s and costs •o'^ narenthood

are irportant to wcren, "orovided a rethodolor;'.'' 'for conhinir."' rewards ?nd costs

into overa.ll indices of notivation ^or narenthood and exanined nossihle expla-

nations for the negative relationship "between emlo:/rent and -fertility, '"he

nost salient satisfactions of -narenthood involved er'otional relationships with

the child fpivlnp' and ^ettinp love, en,io\T".ent o-^ children, watc^inp" f^^e child

develop, etc.). '"he rost salient costs of parenthood were restriction o-^ -^reedor.

and opportunity and worr;',' ahout the child's health and well-heinfT. '"^e r^ost

salient rewards o"^ work were social interaction, mental s-^irrulation, sel^-esteem,

and en.loyment of the Joh. ^ro^^essional woren placed higher value on intrinsic

qualities of their work (mental stimulation, challenfre) while non-rro-^essional

wor.en placed hifher value on tanp:ihle extrinsic bene^'its fmonev). '"he most

salient costs o*" work were lack o^^ tim.e for onesel''', arid wori- interfering with

the needs of children. In most cases, costs (rather than reward) '^^ parenthood

best distinguished between women who di-^fered in number o" additional and total

children expected.

Average Job satisfaction did not di-^fer between pro-^essionals and non-rrofes-

sionals, and the hipher f^e Job satisfaction, the fewer additional children were

expected. However, the data on rewards and costs s^ow that e^'ployment and

fertility are preceived as competinp- roles more t^an as alternative satisfactions

and generally notivation for parenthood is stronger than rnotivation -^or work.

Proposed fours^ The contract initiated in 1"'^!' to run ^^or one year renuired

an extension in tim.e to '"^ Sert I'^'^i; to o-^'-^set delays in obtaining '""'^ -final

clearance

.
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^TICTTD AirrfTAT. Pf^pOR"" d
July 1, I'^T-'i through June in, 1075 \

Behavioral Sciences Branch •

Contract and Collaborative "esearch I

r'ontract '^itle : Tisycbolop;ical Studies o"^ Social ^Torms Influencing ^anily I

Size
Sontractor : University of ^^ansas (NOl-HD-2-2703)
"oney Allocated : *P-^,Rn? fiovg); 4-03,80^5 (10-73). +^0,7^2 (IQ-'U):

|

^h.-iectives : '^is study will investigate the dynamics o'^ social norms concerningi

larre and small -fariilies—reactions to exnlicit and irrolicit social pressures
|

in relation to normatively defined family size ideals. 'Hie following- laboratory|

experiment is nronosed: positive and nesrative evaluations of women as a functioj

o*" the number of children (0-5") they have in relation to their as-e (?5, ?5 and I

)i5) and career types (none, child-related career, non-child-related career, and 1

non-child-related career with high career commitm.ent ) . In the laboratory ,

situation a sam.ple of white, middle class, married wom.en will evaluate women
1

based on t^ese variables in a desipn in which they will not be aware that these
are the crucial variables in the ex^neriment.

SipTJ-ficance to Biom.edical Pesearc^ '"rogram. of the Institute: '^e study of

the dynamics of social norms concerning larp-e and small -families is highly
releva.nt to an understanding; o-f the determinants o:f fertility.

Proposed Course: ""his study will be extended into fiscal year lo-^^ because |

of delavs in obtaininsr 0MB clearance.
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July 1, 1974 through June 30, 197 5

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Longitudinal Analysis of Variables Predictive of Attitudes
Regarding Fertility and Actual Fertility Patterns

Contractor : Illinois State University (NOl-HD-5-2811)
Money Allocated: $12,283 (1975)

Objectives : This study will investigate the relationship between attitudes
toward sexuality during the college years and later family building patterns.

The analysis will utilize data already collected from college freshmen and

a follow-up interview with them at age 26-27. This study will shed light on

the relationship between early permissive or non-permissive attitudes toward

sexuality and later behavior such as age at marriage, age at the first birth,

number of children and so forth. The investigator will be able to control

for religion, socio-economic status of the parental home, occupation and

other factors

.

Significance to Biomedical Research and Program of the Institute : This

study is part of a network of studies which attempt to elaborate the factors
which influence family formation. The tempo of family formation is relevant
for its influence on population growth and the family and individual-level
consequences of fertility behavior. E?ch study in this area, whether it

focuses on the economic, social or psychological factors influencing fer-

tility behavior contributes to our overall understanding of the total process

of family formation.

Proposed Course : This 12-month project was initially funded in FY 1975.
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TTJPP"" A'''''''^'AL

TJppopf"

July 1, lOTlt throuE-h June '.^, 1^'^^

^shcivioTn.1 Pci8nc6?^ ^Tstrch

Contract 'T'itle : An Invent irration o"*" ^h^ "actors Tnvolvec in the "oral
-"^ii-'ifrri?nt o**^ *'a,rit^l '^'^atur^ ir^i ^a^^.i.lT/' f-i'r.p

Tontractor : '';:man ^epources '"esearch (Vfani-'.a.Mon , ^ort -'nox, "entucl'v

^'oney Allocated :
*^,'^,^:'-^^ Cl'^-'l}; *>'-^,o"" rin"!0 (NOl-HD-I-2140 '

|

Ch.iectives

:

'^ome ^'"'^ r,iridle class nersons (1^^ o'^ 1*^-1" year olds, l^P nerscns
]_^_"n years c^ are, and '^'~"^

ft ''Lilts '^ivirled ^^'"onp YOun~er and older f^rouns)

r!rawn f^ror. ten ortTani?,.ations C'^^A's, unions, alumni associations, '^af^olic

rroups , etc.) vill "re asl-'el *o respond to situation descrintions cresentinp
marital status (sin~le, carried) and -^arily sir.es (O, ">, ''

, children) un'^er

varied conditions of choice or choicelessness ; nersonal desire, ahility (rower"*,

and environnental circumstances, ^esnon-^ents vill iescrihe their '^a-'ily status
and ho'w they a.c'^ieved it. '/a.rious characteristics O'" the .'ndfres vil] he studiel
"for their innact on judcnents. '^erceived attractiveness of the srd--.iects .iudped

i-/ill t:e exar.ined (hy 'r'i-polar sca.le^ to deterr^ine ef'^ects of roral judn^ent on
this dimension, '^he s''"udy a,ssumes that roral ,]u(Vrients are hey factors in social
pressures to conform, that single neonle and childlecs counles are widely viewe'l

GS hlameworthy, and fiat this is deleterious to nonulation control ef-^orts

.

Analysis of variance vrill l>e nerformed to determine the effects o"^ e^.ch of the
f^^ree ^actors (from ''eider ) on moral ,1udcrment.

rj.rni ficance to "ioredical '•^esearc'" and '^ro^rar of '^d'e "^ns'^itute: -n under- ^
stand.ins of ronulation dynam.ics relative to ''uture chan^'es in the ''.S. pooulation
reouires a ''.nowledp-e o"^ attitudes towar-^ ^a.m11y formation, '^his involves not
only the counle hut also t'"-e social context in which they li^e. "istorically , !

narents, relatives, ani "^rien-^s have ''"roufht nressures on the counle to marr;"^
|

and to start childhearinp early and to have lar^^'^ fanilies. "^hus it is hio-^ly
]

releva.nt to the Institute's r)rop;ram to explore mora.l .lunpTients as a. ^ramework i

for evaluatinp- f'^.e effect i^'eness of programs desip^ned to alter attitu^^es toward
marria^re or fa.m.ily size, '^he findinp-s should he useful in counseling- situations , i'

family nlanninp clinics, in wider educational nrop-ra.ms dea.linp; with ma.rriape
I

and fam.ily size, and in v/elfare nro^rams. "^hey should also contrihute to im-
j

proved r.aternal and infant health to the derree that they would foster changed i

attitudes and action programs '^esip'ned to encourape the snacine o^' children at
j

lonp-er intervals.
|

^ro'nosed '^ourse: It is anticipated that t^is p'^o.lect will he completed in i

fiscal IQ'^f^ . It has been extended seve^^al times because of delays in ohtaininp
|

T'H' clearance.
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"TICHP A^"'TUAL PFPnP'r^

July 1, lO'T'l- through June '^^ , l^T^

behavioral F'ciences "branch

Contract and i^olla'borative Pesearch

(^ontract "^itle : A f-tudy o"^ ^hild-Pearine and La.'bor Force ''Participation

of Woren
Contractor : ''^ory -'niversity (NOl-HD-3-2792)
Money Allocated : *s^,ono fio7^)

Cb.iectives

:

"T^.e r.ain purpose o*" this study was to investipate the e-^-^'ect of
fertility on labor •^orce participation, "^he analysis was tased on '^ensns

data available through ^blic f'se Sarriles o-^ l'^*^'^ and 1'^"'^. '^he investigator

first looked at how the relationship between childbearinff, childsnacinF, and

labor force participation chanp^ed fror. in<^o t,o I'^TO. A series of control
variables served to standardize biological and de"iopraphic factors and in-

cluded but were not limited to such variables as ape. ape at first marriape,

parity of the nost recent birth, childsnacinp, family size, nipration mobility
status, marital status, and number of tir.es m.arried. The second stape of the

research focused on the influence of the other variables on the relationship
between childbearinp and emnloyrent, as ^or examDle, how economic need in-

fluences a woman's returninp ''o work after the birth o'f a child.

Major Findings: This contra.ct has resulted in the nroduction of two work
tapes from the 1Q60 and I'^'^'O Public Use Samnle tapes o-^ the Bureau of the

Census, ""nese tar)es cover women over the ape o"*" 1^ and nrovide ready access

to variables related to em.plo^rment and fertility. 'H^ese ta.r)es can be readily
processed with packaged statistical programs and are available at a nominal

charge from Fmory University.

ATjproximately !i5,C'^0 married women, snouse nresent, H,re covered in the I'^^n

tape which include inform.ation on work status in lQf^5 and childbearinp

during the period 1<^^5-1"7C. '^hese data show that not only are very well
educated (more than li years of collepe) white women more likely to be working
than are women with less education, they are more likely to work with a child

under the ape of five than are other women.

Significance to Biom.edical ^esearc^ and 'Program of the Institute: 'Tiis nro-
posal deals with an area of considerable interest to the Institute, the

relationship between wom.en's labor force narticipation and fertility. This

prot)osal emphasizes the in-^luences o-f* -fertility on labor force particination

.

While there is undoubtedly a reci-orocal relationship this study will focus

on consequences of childbearinp.

Pronosed Course: This nro.lect terminated in '^Y T'^-
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch

Contract and Collaborative Research

The Kin Network and Population Dynamics
University of Southern California (NOl-HD-1-2037)

$17,124 (1971; $20,086 (1972); $8,561 (1973);

$16,629 (1974); $23,148 (1975)

Objectives : This study has collected data on the extent and relevance of

kin networks in the United States to determine how they affect fertility

and migration. It hypothesized that the greater the intensity of the kin

network (frequency of contact, etc.) and of the interchange therein, the

higher the fertility. The kin network may also influence the amount and

direction of migration. A conference of persons experienced in the family

and fertility will be convened to approve and amend the trial questionnaire

and another to evaluate the results. A total of 408 people were surveyed.

They resided in 9 different areas, including both urban and rural places.

Interviews were conducted by telephone and in person with varying levels

of incentives. The pretest was conducted by National Analysts, Inc.

Major Findings : The analysis of the data from this pilot study can provide

only tentative results regarding the relationship of the kin network to

fertility patterns. A multiple classification analysis shows that while
demographic factors account for a large amount of the variance in fertility-
as would be expected-kin network variables contribute to the total variance ^
explained. The pilot test did ascertain that researchers could collect ^
information regarding degree of integration with the kin network. The
results of this pilot test will be closely studied to determine if there is

need for further research in this area.
I

Significance to Biomedical Research and Program of the Institute : Research
on the relationship of the kin network to fertility has high program
relevance. Very little work in this area has been done.

]

Proposed Course : This project was initiated in FY 1971 and has been extended]
through FY 1975. i

(
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NTCFD ANl^'TiAT, PFPOP'"

July 1, lovl througrh June' ^^, 107S

Behavioral HPiences Branch
Contract and- Collaborative "esearch

Contract '"itle : Cccu-national Fxtjerience as a ^eterr^inant of fertility
Amonf? American Wonen

Contractor : Center for Policv Research (N01-HD-2-27A4)

"oney Allocated : *l^U,Rno flo7?)

Chjectives ; '^he nep;ative relationship between women's participation in the

labor -force and their fertility is well established. Previous studies, however,

have analyzed the relationship between women's workinp; and fertility in term.s of

participation and non-participation, '^he -nro-posed study will take a more sophi-

sticated strategy by considering; the characteristics o-^ the xrork women do and the

relationshin between these occupational characteristics and fertility, "he

study's m.ain goal is to deterr.ine whether di-^ferences in occupational opportuni-

ties and rewards result in variations in the -fertility behavior of women.

The study will use published data from the lol+n, l^so, l^fiO and I'^IO censuses.

'"he bulk of the analysis will not be based on nublished material, but rather

will be based on the one percent 'Public Hse Cample tapes of the l^'^o and l^TC

censuses. The IQTO one percent tapes will be especially useful since the inter-

view schedule contained a number of retrospective nuestions concerning the

occupation of each household member in 1^^"^. "oreover, there are a num.ber of

Questions on the subject's m.arital history and number and aee of children.

Lastly, the tapes will have an occupational code which has a hieh level of

specificity that will allow the researcher to catep-orize occupations in the

most suitable theoretical and methodological manner.

Significance to Biomedical Research and Program of the Institute; 'Hi is project
will make valuable contribution to the population -field. The principal investi-

gator intends to examine an important aspect o-f the relationship between women's
participation in the labor force and their fertilitv behavior, nam.ely, the
characteristics of the occupations thc}r work in. Pecently there are indications

that a large number of wom.en are taking or a,ttempting to take a m.ore active role

in the labor market, especially with professional occupations. Currently, it

is not known how the dif-ferential participation in the labor mar^^et or different
sectors of the labor market influences fertility and social institutions, such

as the family. This project would do much to better understand contem.porary and

future changes

.

Proposed Course: This project terminated in '^^ "^S but the final report has

been delaved.
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July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : The Study of Fertility-Related Decision-Making Among
Married Couples

Contractor : Institute for Survey Research, Temple University
Money Allocated: $120,369 (1973) (NOl-HD-3-2723)

Objectives : The main objective of this study is to investigate the nature
and etiology of decision-making and implementation processes related to fer-
tility regulation of married couples. This will be accomplished by an in-

terview study of a sample of 450 married couples living in urban, suburban
and rural areas. Interviews will be conducted with both marital partners.
The study will provide analyses of decision processes and related attitudes
focusing first on the couple as a unit and then on both the husband and wife.

The study will investigate: (a) the degree of congruence of knowledge and

attitudes among the husbands and wives, (b) the ability of each spouse to

accurately perceive the attitudes of the other, (c) the amount and direction
of communication between them on topics of fertility and fertility control.
Planned analysis will focus special attention on the effects of, and disparity
in, partner's attitudes upon the success of fertility control.

Major Findings : Preliminary analysis of group interviews shows a variety of ^
approaches to fertility-related decision-making. Some couples plan their t
number of children, spacing, and contraceptive use from the beginning, or

even before marriage, and others discuss these things only after the pressures
of too many children are felt. The pressures expressed by husbands are most
often economic. Also it appears to be husbands who are more interested in

the sex composition of the family, either wanting a son or wanting both sons
and daughters. While wives are less concerned about this they seem to be

aware of their husband's wishes.

The decision-making process regarding what contraceptive is chosen appears
to be an initial decision to do something , a recommendation to the wife from
a health professional regarding a method; evaluations of the method by the

couple; and possibly another contact with the health profession if the first
method was not satisfactory. t

Significance to Biomedical Research and Program of the Institute : Fertility
decision-making, as an intervening factor between social and psychological
attributes and fertility behavior is a topic relevant to the interests of
the Center. This study will also make methodological contributions regard-
ing techniques for interviewing men on fertility-related subjects.

Proposed Course : This project was initiated in FY 1973 and has been extended
through FY 197 5.

C1

(
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July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Couples' Motivations for Parenthood, Decision-Making,
and Fertility Regulation

Contractor : University of California (Los Angeles) (NOl-HD-5-2807)
Money Allocated : $125,209 (1975)

Objectives : The aim of this project is to examine the relationship between
motivations for parenthood, division of power and responsibility in the
marital dyad, and fertility behaviors. Six hundred couples, with wives age
15-34, will be interviewed 3 times over a 3^ to 4 year period. These couples
will be randomly selected from public records documenting recent marriages
and births. Half the couples will have recently married for the first time,
the other half will have recently had their first child. In each subgroup,
one member of each couple, half of the husbands and half of the wives, will
be designated as primary respondent, from whom the majority of information
will be collected. The primary respondent will participate in. a personal
interview and may complete a questionnaire; his or her spouse, the secondary
respondent, will either complete a questionnaire, a personal interview, or
both.

The rewards and costs of having children will be identified, weighed and com-
pared among men and women with zero or one child. For women, there will be
exploration of the influence of alternative roles (primarily work), which
may provide some alternative sources of satisfaction to parenthood. The re-
liability and stability of motivations for parenthood over time will be
assessed for both members of the marital dyad. The relationship between
changes in motivations and changes in parity, use of fertility control, effec-
tiveness of use, and desired number of children will be assessed. Also, the
process by which the marital dyad makes decisions regarding fertility when
the members do not initially agree will be examined in terms of social psy-
chological theories of power and social influence. In addition, the rela-
tionship of personality (e.g., locus of control, sex-role traditionalism)
and demographic (e.g., socioeconomic status, ethnicity, religion) variables
to motivations for fertility regulation and to fertility events will be
assessed. One special value of this study is that it is to be a longitudinal
study with a series of interview cycles which will demonstrate process and
stability far better than the more usual "now- and- later" measures.

Significance to Biomedical Research and Program of the Institute : This study
is relevant to the Institute's interests in the antecedents, determinants
and correlates of fertility.

Proposed Course : This study will extend beyond fiscal 1976.
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NICFD AmRJAL RFPO^T
July 1, l"7li through June^O, IQ75

Behavioral Sciences Branch

Contract and Collaborative Research

Contract Title : Social and Psychological '^actors Affecting Fertility,
family Planning and Clinic Utilization

Contractor : Wake ^orest University (NOl-HD-2-2702)
T'oney Allocated : +05, 03*^ (107?)

Oh.iectives

:

The purpose was to reanalyze in-denth data collected in three VAT-
tyne interview surveys concerned with black males and ferales in Winston-Salem,
north Carolina, and Hackensack, New Jersey, and with Spanish females in Costa
Pica, ^phasis was placed on psycholoFical and social-psycholoe-ical variables
related to fertility, fam.ily planning and clinic utilization.

Significance to Biomedical Research and Program, of the Institute; 'Tiis cross-
cultural pro.lect is relevant to the NICHD program relating to the interface be-
tween population and fam.ily planning in that it goes beyond the clinical appro-
aches taken by such g'overnmental as^encies as AID and the TIational Center for
family Planning Services.

Major bindings: "^he studies undertaken among blacks in New Jersey and North
Carolina and among women in Costa Pica indicate the following: (l) blacks have
a,ccepted the national family size ideal but evidence a wide-ranee of acceptable
n-umber of children around t^^at ideal point; (2) in Costa ^ica, education, age
at first conception, nature of emotional relationshin with father of first
child and age when wom.an learned of contraception were determining factors in
a woman's life situation; (?) consensual unions, contrary to the literature,
do not denress fertility; (10 women in consensual unions differ from those in
legal unions -nrimarily in terms of social class and related KA^^ (T^nowledee,
Attitude and Practice) factors; (5) fears and untoward experiences at a family
planning clinic and with contraceptives are more important than a woman's demo-
graphic characteristics in -Dredictinsr whether or not she will continue attending
a clinic; and {(^) the most important factor in communication about fam.ily
planninp- in Costa Rica is the reenforcement of friends, relatives and neis'hbors
rather than the ouality of the information transmitted, "he North r-arolina
metropolitan area sample of T7S black, poverty-level females l'^-?" years of age
who had experienced at least one pregnancy had an averas;e age at first inter-
course of IS.o years—1.'^ years before the average age at which they first
learned of contraception.

Proposed Course: ^his contract, initiated June 1^72, was completed in "^^ 1Q75.
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NICHD ANMJAL RFPORT
July 1, lo-^h throue:^ June 30, l^^''^

Pehavioral Sciences Branch
Contract and Collaborative Research

Contract Title : On the Conseauences of Penroduction: A Utility Model o-'"

Reproductive '^ehavior

Contractor : University of North Carolina (NOl-HD-4-2804)
Money Allocated : ."^1*55, 6U« (IotU)

Objectives

:

The purpose of this study is to test a utility model of fertility
designed to predict the probability of various reproductive events to couples.

The basic premise is that individuals refrulate their reproductive behavior in

light of their expectations and percentions o-^ the conseauences of reproduc-
tion for then. Variables will include perceived conseauences in terms of
costs and rewards of facilitating or preventing- a subseauent birth. 'Hie study

will also be concerned with the congruence between expected and actual con-
seauences and the, effects of the congruence or lack thereof on subseauent
expectations. Completed family size is viewed as resultine from constantly
changing fertility behavior in the face of changine life circumstances and
the changing perception of the consequences of reproduction. It takes into
account changes relating to the anticipation of a child, the birth of a child,
the impact that this has on future childbearing, etc. Fach of these events
affect the perception of subseauent anticipated costs and benefits—the utility
functions—and alter behavior accordingly.

A samnle of 3,000 wom.en living in selected low incom.e areas in 1^ U.S. cities
interviewed previously under an existinr NICHD contract will be asked various
auestions concerning the perceived assets and liabilities of adding children
to their families. A sub-sample of 1,?00-1,500 women under 30 years of ape,
married and husband present, will constitute a group to be re-interviewed at
least twice. In addition, 500 women and their husbands will be interviewed
in suburban areas in the cities.

Significance to Biomedical Research and Program, of the Institute: ""esting of
the important hypothesis that fertility behavior is "rational" within the
nerceDtual framework of the actors—low income and middle income alike—will,
if verified, have important implications for policy at a variety of levels.

Proposed Course; This research is scheduled to run for 3 years.
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NIC'T^ A^'^^'AIj PTn-)f)PT

July 1, 1^'^li t^rouffh Jur.e 30, 107s

Behavioral Sciences Branch

Contract and rollaborative Research

Tontract '^itle : Attitudes Tovard '"o-nulation Pehavior

Contractor : Vanderhilt Tniversity (NOl-HD-5-2820)
'-'oney Allocated : *f^'^,v«n (107s)

^h.^ectives

:

"^he nurDOse is to test hypotheses concerning the emotional and

attitudinal components of experiences in relationships involving love, sex,

contraception and ahortion. '^he underlyinp- theory holds that t^^e e^-otion

system is a principal motivational system, with the emotions nossessinF
uniaue pronerties in interacting drives (hunp-er, thirst, pain, avoidance,
etc.) in sexual matters, "hus , other emotions interacting with the sexual

urpe can affect sexual behavior in a variety o"^ ways and m.ay be extremely

important in the effective nractice o''" contrace-otion. For example, a m.an

who holds a woman in contempt may be less likely to use adequate contraceptive
methods even thouf^h pregnancy ^ay be unwanted. The research will be conducted

am.onR (a) 1,000 college students at Vanderbilt I^niversity and "iddle l^tate

Tennessee University; and (b) l^O each unm.arried pregnant wom.en (at a Florence

Orittenton home) and 150 married women prep-nant -for the first time.

Significance to biomedical ''Research and ^rop-ram. of the Institute; '^he inter-

action between em.otions, sexual and contracentive behavior may be a crucial

factor in exnlainin? unplanned and unwanted pregnancies. A woman's pregnancy
and childbearinpr m.ay result -from feelings of insecurity and inadequacy or by

pniilt in having sex for pleasure or may represent an ef'^'ort to fight off the

em-otional distress of loneliness or re.lection. With more adenuate in-^'onnation

on how discrete emotions influence the sexual ursre, sexual behavior, and re-

production, more e-'^-f'ective methods can be developed for re-en-^'orcinf or chan.T-

ing attitudes consonant with the well-being of the individual family and o-^

the broader society.

Pronosed Course: This research is scheduled to run for '^ years beginning
"arch 15, 1Q75.
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NICKD ANTIUAL RFPOR?
July 1, I^tU through June 30, 1^75

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Attitudinal and "'ornative Factors Leading to Partners'
Contraceptive Decisions

Contractor : University of ^lorida (Gainesville) (NOl-HD-5-2805)
Money Allocated : $5^,710 (1975)

Ob.lectives

:

The purpose is to develop, through snail group discussions with

vor.en and later with ren hearing on the decision to use contracentives , and

to pilot test in Gainesville, Florida an expectancy value Questionnaire to

determine the consequences arisine fror. the use of various contrace-otives and

the users* perceived expectations of parents, peers, and. other role models with

respect to their contraceptive use decisions. This study should help us to

determine the applicability of market research to the acceptability and usage

of contraceptives.

Significance to Biomedical Research and Program of the Institute: Factors

entering into decision-m.aking with respect to the selection and usage of contra-

ceptives are of considerable importance not only to behavioral research but

also to the evaluation of existing contraceptives and to the developm^ent of

new contraceptives within the Institute's program.

Proposed Course: The funded questionnaire developm.ent and testing- phase

should be completed in FY 1976.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Behavioral Sciences Branch

Contract and Collaborative Research

Contract Title : Husband and Wife Knowledge, Attitudes and Practices

Regarding Fertility Regulation

Contractor : University of Toronto (NOl-HD-5-2824)
Money Allocated: $38,852 (1975)

Objectives : This study will use already collected data to investigate male

knowledge, attitudes and practices regarding fertility regulation. Special

consideration will be given to the influence of economic resources and per-

ceptions of the value of children on fertility regulation. The influence

of gender-role behavior, decision-making between husband and. wife and past

and present contraceptive behavior will be covered. The role of the hus-

band in initiation, maintaining and modifying fertility regulation attitudes

and actions will be explicated by these data.

Significance to Biomedical Research and Program of the Institute : The

regulation of fertility is a topic relevant to the interests of the Center.

This study will fill gaps in our understanding of the role of husbands in

the process of initiating, maintaining and modifying fertility regulation
attitudes and actions.

Proposed Course : This project was initiated in FY 1975.
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Explorations in Fertility Values

Calspan, Inc. (NOl-HD-1-2241)
$139,916 (1971); $23,177 (1973)

Objectives : The purpose of this project was to develop and demonstrate
methods to ascertain how fertility values are related to family size prefer-

ences. The principal investigator developed ways to measure family size pre-

ferences and the desired number of children under various economic, social,

and psychological conditions.

The study entailed two surveys of 300 white, married women in the 15-44 age

range. For each major religious group (Protestant, Roman Catholic, and

Jewish) there were 100 women represented.

Major Findings : Dr. Terhune isolated the following values associated with
family size desires: (1) economic concerns in general, providing for child-

ren in particular; (2) parental attention to each child; (3) companionship
of siblings; (4) the mental strains and worries of parenthood; (5) physical
work and energy requirements of parenthood; and (6) over population concerns.
Furthermore, he has been able to measure relative preferences among the

family sizes. Analysis of the family size values show that different values
are correlated with family size within Catholic, Jewish and Protestant sub-

groups. Religion is frequently confounded with SES but further analysis has
indicated that there are religion effects, SES effects, and possibly religion
by SES interaction effects. Furthermore, all the substantial correlations
were negative, suggesting that it is the anticipated "costs" of having
children, rather than the anticipation of rewards, which are the major deter-
minants of desired family size.

Drastic differences in correlations were revealed between those who had no
children and those who had one, suggesting that the arrival of the first
child has a profound effect on the individual's perceptions of family size
consequences. Differences among parities from one to four children were
more gradual or secular, suggesting a cumulative effect of the experience of
having children (as well as a filtering-out effect of those who decide to
stop family growth at various points). A second study is anticipated to
follow up on the research insights offered by this exploratory study.

Significance to Biomedical Research and Program of the Institute : This pro-
ject examines the socio-psychological factors which influence individuals'
desired family size under different situations and in different points in
time. This type of study has great potential in assisting individuals who
may be experiencing familial problems as a result of too many or too few
children.

Proposed Course : This project was completed in September 1974.
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Contract ^itle
fortractor
Monev Allocated

"^TICITri A^^niAL RF^OR'^

July 1, lo-^L throuf^h June ?n, lovs

Pehavioral Sciences 'Pranch

Contract and Collaborative ''esearch

FconoT^ic Cost and Value of Children in ^our Societies
Columbia University (NOl-HD-1-2209)

Objectives

:

'^his research is directly air-.ed at the assessment o"^ the im.por-

tance o:!' the economic costs and benefits of children as possible factors in
•fertility decisions, "^he seconda.ry ain is the developm.ent of more re'^ined

research m.ethodolopy for such st\idies.

feasant communities in Indonesia, '^eual and ^eru have been studied usinp anth-
ro-polo^ical technioues o'^ intensive observation together with extensive
ouestionnaire surveys. 'Pield investigation and data analysis have been
carried out by research assistants familiar with the particular communities
in which they have done the research. Intensive observation of dom.estic

and nroductive activities have been used to assess t^-ie costs and bene^^its

associated with di-f-^erent family sizes in each community, and census and
fertility surveys have been carried out to determine actual ^'ertility and
attitudes rerardinr fertility. Data analysis will provide com.narable dnta
^or all societies.

"a.ior ^indincs; In Indonesia t!:e r'erc^Dtion t^at children can do chores at

relatively youn^r apes tha,t ^ree the mother to enpao-e in economic activity is

a factor in m.aintainins: hie-h '^ertility.

Cip-ni'^icance to P.iom.edical Research and '^rogrram o^ the Institute: '^his study
deals with a crucial area of ponulation research that has definite relevance
to the Institute's program. Very little information has been available on

the economic cost or bene'f'it o*" children and hov; these are perceived, in

either industrial or non-industrial societies-.

^roDosed Course: '^his study, initiated in I'^'^l , is scheduled for comnletion
in '^^ 1'^'^'^

.
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

A Study of Physicians' Attitudes Toward Abortion
Temple University (NOl-HD-1-2142)
$208,053 (1971); $44,000 (1973); $53,657 (1975)

Objectives : The major purpose of this study is to assess physicians'

current perceptions, understandings, and attitudes toward birth control

methods which may be considered as possible abortifacients . The doctors'

attitudes concerning criminal as well as legal (therapeutic) abortions
and relevant general attitudes toward fertility intervention and birth

control will also be examined. Some 1,500 interviews will be given to

a national probability sample of M.D.'s and osteopaths whose practice

makes the subject of fertility control a reasonable occurrence. The

interview schedule will be developed by video and audio taping a series

of "In-group" discussions with physicians from four regions of the United

States: the Northeast, South, Midwest, and West. The tapes will be

analyzed and questions concerning how best to approach the subject of

birth control and abortion will be determined. The questionnaire will

include the following areas: definition of pregnancy and of abortion;

perception of peers and of the public mood toward abortion; individual

perceptions of patients and their circumstances toward abortion; etiology

in the correlates of attitudes toward abortion and specific objections

to abortion; and the actual behavior of the physician regarding prescrip-

tions of birth control methods and when appropriate, the performance of

abortion.

Significance to Biomedical Research and Program of the Institute : Since

there is a trend toward the liberalization of abortion statutes and the

physician is becoming increasingly involved, it is crucial to determine

how the medical profession views abortion. This study accordingly has a

great deal of relevance to the Institute's program.

Proposed Course : This project, initiated in 1971, was originally funded

for 2 years and will be extended through FY 1976.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Knowledge, Psychological Accessibility and Discontinua-
tion as Factors Affecting Abortion and Contraceptive Use

Contractor : Planned Parenthood Association of Sacramento

Money Allocated : $31,000 (1975) (NOl-HD-5-2822) i

Ob jectives : The Principal Investigator will conduct analysis on data already
gathered on 677 women seeking abortion and 99 women seeking contraceptive
service in a Planned Parenthood Clinic in California. Three criterion vari-
ables to be investigated are: accuracy of information about reproduction,
perceived physician attitudes on contraception, and reasons for discontinu-
ing use of contraception. Controls are on age, marital status, history of

abortion, trimester of abortion, experience with contraception and contracep-
tive preferences.

The aim of the study is to provide descriptive statistics and, after reduc-
tion of the number of variables, to assess through multivariate analyses the
importance of selected variables for discriminating among a variety of sub-
groups of the population to be studied.

The research is relevant to current theoretical and applied interests includ-
ing the appropriateness and need for special services for teenagers, the rol
of abortion as an alternative to illegitimacy, and the role of psychological
accessibility of services in selection of methods.

Significance to Biomedical Research and Program of the Institute : This re-
search is relevant to the Institute's interests in studying the antecedents,
determinants and correlates of fertility.

Proposed Course : This study will extend into fiscal 1976.

(

(
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l^TICHD ANTTIJAL RFPOP'^

July 1, I07L throup-h Jure 30, 1^75

behavioral Sciences Branch

Contract and Collahorative Research

Contract Title : A Final Household Survey to Complete the ^amily Planning

Evaluation Project

Contractor : University q-^ i^Torth Carolina (Chapel Hill) (NOI-HD-3-27I5)

Money Allocated : ^20h,f>l5 (1073); .*T^,3!a (IQT'O

Oh.jectives: The primary purpose of this pro.lect is to complete a laree-scale

controlled-action experiment of an area sample survey of 1^ Merican cities

involving a total sample size of about 3000 ever-married women in order to

evaluate the effect o-^" family planning nroerrams on the fertility and fertility

behavior of communities. This post-survey was made in each city in 1^^^°.

Data from the two area sample surveys of ever-marrieri women living in low-

income census tracts will be integrated with other data from monthly inter-

views of nevly-delivered m.others , quarterly vital statistics tabulations,

onerating statistics of the pro.lects, and other data resources (all paid for

by other grants) for :final interpretation of the impact . of family planning

program.s and the reproductive behavior of the communities they serve. Effects

are being measured on four levels: knowledge and attitudes toward family

planning, use of services, contraceptive behavior, and reproductive events.

Significance to Biomedical Pesearch and Program of the Institute: Although

this pro.iect has operational researc'-' aspects not described here, it basically

examines the premises on which family planning nro.lects operate, and their

consequences for the behavior of communities, ""he initial survey was funded

by a grant from '"aternal and Child Health Services (^CFS) of the Denartment
o-f Health Education and Vfelfare. "Tiis pro.lect takes an evaluative look at

the effect of family planning program.s on the fertility of the areas in which

the program.s are located. It concentrates therefore on demograiDhic impact

rather than upon the health of mothers attending, which was the focus of the

MCHS grant, or the efficiency of service deliverer, which is the usual criterion

for family planning programs. It is thus highly critical to the understanding
of factors which affect levels of the birth rate.

Proposed Course; This contract is scheduled' to be completed at the end of

FY 75.
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TvTjppri A^T^T^T, RFPOPT

July 1, l^'^it throurh June ?n, lo?"^

Pehavioral Faiences branch

ContrDct anri Polla'borative Research

f^ontract '"itle : TevelODnent o-^ "ethodoloTy '^or Fvaluatinc the ^eT"o<?rar>hic

Innact o"^ ^re:anir.e4 "anily ""lanninp: ^roframs on f^e

''nitefl States

Contractor : Center -for ^ar-ily ^lanninr ^rorran T~>evelor>'^ent , "^w '^orV

"oney Allocated : .^11?,?"P <^^ 1^?^^; ^n-.^^m (Try 10-7)0 (nOI-HD-3-2722)

'"'h.^ectives

:

"he ralor nur-oose of -""his nroject is ^0 estinate the e-f*"ects on

•fertility of the nrovision of suhsidizeri ^arily nlanninF: services, "^uhsidiary

purnoses are to identi-^y the :^actors accountinr^ -^or peorraphic dif-^erences in

f'ertility and the -^actors associated wit^i varyinf? levels o-f" -^a-nily nlannin^:

prop-ram innut. ""he denendent variahles will he various neasures o^^ fertility

taseri on I070 Census -^ata on renorted nunhers o-*" children ever horn and nunhers

nresent in households. These -fertility indicators will be confuted for sroups

classified hy a^^e, color, and poverty status -^or sinerle counties or e-roups o^

counties. '^he ma.ior indenendent variable is the level o-" family nlanninF

services provided (renorted patient loads averaped for -^iscal 7fPar lOfi" and

calendar year I'^'^o divided hy an esti^iate of the ponulation o'^ low income woren

in need o-^ contraception). In addition, there will he several intervening
variables: pronortions o'^ women in intact marriages, average number of years

o-^ school comnleted, female labor -force -nartici-nation at ap:es 15-^^^, nercent

urhnn, and estim,ate o*" the l'^''^ p-eneral "fertility rate.

Cirni -ficance to biomedical Research and "^rop-ram of thie Institute; "'his is the

only national study of the im-nact o*" -family planning service levels on the

fertility of the low-income nopulation. "^t should nrovide answers to questions

that neo-nle have raised about the effects o-f voluntary family -nlannino- -programs

As' such, it will have direct relevance to the formulation of nolicies repar'iinr

po-nulation and fam.ily nlanninp in the "nited Ptates

.

i

I

1

alor '^indinps: Analvsis of countv unit fiata throughout the United Ftates in-

dicate -patterned and consistent, thoup-h small, net effects of the -family plan-

ning propram in reducinp fertility.

Proposed Course

:

'I'he contract, initiated in F'' "T"^, is expected to be completed

in FY 7f.

.

I
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Factors Influencing Contraceptive Use Among Unmarried
College Students

Contractor : Michigan State University (NOl-HD-5-2803)
Money Allocated : $73,240 (1975)

Objectives : The investigator will do a three-year project to study deter-
minants of sexual behavior, contraceptive use and contraceptive choice by
two groups of unmarried college students. Four different psychosocial areas
would be studied: (1) the influence of reference and membership groups;
(2) the influence of social structural variables, such as family, social
class, community of origin, religion and religious behavior, etc.; (3) the
influence of internalized values, attitudes, and perceptions of self;
(4) the influence of factors in the near social environment, influencing
whether and where intercourse occurs: privacy, where contraceptives are
kept, the type of contraceptive, and barriers in the environment to the
obtaining of contraceptives. Subjects consist of a random sample of 800 un-
married, college undergraduates, male and female, residing in East Lansing,
Michigan, and 400-600 females in that community who seek help in the fear
that they might be pregnant.

The proposed study emanates from a substantial body of theory in social
psychology and sociology, and from recent empirical studies of young adult
sexual behavior in university-age populations. The proposed investigation
will make an important contribution by elevating the present empirically
oriented discourses on teenage sexual behavior (including contraceptive
use) to a theoretically sophisticated research level.

Significance to Biomedical Research and Program of the Institute : This re-
search is relevant to the Institute's interests in the antecedents, deter-
minants and correlates of fertility. It will be particularly valuable in its
illumination of social causes (socialization processes, peer group pressures,
etc) of teenage sexuality and pregnancy and of the great increase in ille-
gitimacy in recent years.

Proposed Course : The initial phase of this study will extend into fiscal
1976, and if that phase is successful, the study will require three years
to complete.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Data Analysis on Personality Factors in Premarital
Pregnancy

Contractor Stanford University (NOl-HD-5-2804)
Money Allocated: $19,222 (1975)

Objectives : This project will examine the relationship between personality
traits and the successful or unsuccessful avoidance of premarital pregnancy
among women 15 to 29 years of age. This goal will be accomplished by using
data already gathered from three basic populations: unmarried women seeking
an abortion, unmarried women seeking contraception, and unmarried women
selected at random from the general population. There are 1000 subjects in
study. Personality data were gathered through a new measurement instrument,
the Personal Style Inventory. The major items tapped by this instrument
are (1) heterosexual initiative, (2) behavior stability, (3) the extent to

which behavior is controlled, (4) suffering set (the manner of coping with
unpleasant situations, (5) planning and future orientation and (6) vigilance,
concerned with the degree of risk-taking. Additional demographic, sexual
history, and contraceptive history data were collected as well. Computer-
assisted analysis will be conducted between and within the three basic
groups of women. The basic hypothesis is that there are personality differ-
ences between young women who become pregnant premaritally and those who
avoid pregnancy. It is hypothesized that there are differences in such
characteristics as impulsivity, dominance, ability to establish heterosexual
relationships, in self-defeating behavior, etc. This study is seen as an
opportunity to further improve the Personal Style Inventory and to help in
a better understanding of the personality dynamics related to fertility
regulation.

Significance to Biomedical Research and Program of the Institute : This re-
search is relevant to the Institute's interests in the antecedents, corre-
lates and determinants of fertility.

Proposed Course : This study will be completed in fiscal 1976.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Regulation of Fertility by the Young: A Comparative Study

of Nulliparous and Primiparous Family Planning Initiates

Contractor : Tulane University (NOl-HD-5-2833)
Money Allocated : $63,941 (1975)

Objectives : The objectives of this study are to provide information about

the use of family planning clinics by teenage girls. The analysis will be

based upon data collected in a large family planning clinic system and will

be available for black and white girls from rural and urban areas. The study

will look at the differences in contraceptive behavior depending on whether

a girl had had a pregnancy before coming to the clinic or not. The study

will trace patterns and rates of termination from the clinic, controlling

for background socio-demographic characteristics of the subjects. The in-

vestigator will look at the rate of initial drop-out, the reason for drop-out,

the probability of being active on the program regardless of previous dis-

continuations at one-, two- and three-year intervals and the pattern of program
usage during the period of observation. Comparisons will be made between

patterns of program usage for those who initiate family planning service
when they are young with those who enter at a later age. For those who be-

come pregnant after beginning on the family planning program, the investigator
will examine differences between those having a first and second pregnancy
according to several socio-demographic characteristics.

Significance to Biomedical Research and Program of the Institute : Pregnancy
among teenagers is a concern from both social and medical perspectives. Such
pregnancies are associated with medical sequelae as well as social conse-

quences such as reduced educational attainment, lower social status and in-

creased subsequent fertility. While we do know that teenagers are often not
good contraceptors, there are large gaps in our understanding of why some
teenagers come in for family planning services prior to a pregnancy and others
do not. This study will make maximum use of available data to provide some
answers to these questions.

Proposed Course : This 18-month project was begun in FY 1975.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Behavioral Sciences Branch

Contract and Collaborative Research

Contract Title : Review of Psychological and Social Research Regarding

Adolescent Behavior

Contractor : University of Wisconsin (NOl-HD-5-2821)

Money Allocated : $48,573 (1975)

Ob jectives : The purpose of this study is to perform a critical review of

the existing literature of psychological and social research regarding

adolescent sexuality and contraceptive and reproductive behavior. This

integrative review will (a) identify needed areas of further research,

(b) develop a more comprehensive and realistic conceptualization of the

subject, including both males and females, and (c) suggest implications

from available knowledge for related policies and programs.

Significance to Biomedical Research and Program of the Institute : Adolescent

sexual, contraceptive and reproductive behavior is of interest to both bio-

medical and behavioral scientists. Other research indicates that adolescent

sexual activity is increasing and that contraceptive use is sporadic and often

involves the less effective methods. Pregnancies of adolescent women are

often associated with negative medical and social sequelae, including reduced

educational and occupational attainment, increased incidence of divorce,

and higher completed fertility. The Institute's interest in the causes and

consequences of adolescent fertility behavior is part of the overall focus

on the determinants and consequences of fertility trends.

This research will be valuable both as a resource for others as well as an

original work. By pointing out shortcomings in the research that has already

been done in this area, the investigator will help to improve the design of

future studies.

Proposed Course : This 18-month contract was initiated in FY 1975.

i

i
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'IICHP ANNUAL PpTTiPT

July 1, lo^li through June :^0, IQ75
behavioral Sciences Pranch

Contract and Collaborative Research

Contract Title Htudy of Family ^or'nation and fertility - Key Trends and
Patterns

Contractor University of California (NOl-HD-3-2728)
r'oney Allocated : '^171, C°f^ (I'Ti'?); *'i-?,f^,?o^ fiovs)

0"b,iectives • The purtjose of this study is to develon a data base to facilitate
the study of the relationshii? between illef^itiracy and social chances in the
family and sexual behavior, includinp' abortions and venereal disease, "he
investigator will continue work on data linkasre of narria^e records and birth
certificates to determine lepitinacy status of rothe>"s deliverinr children in
lo^T^ other birth records and divorce records, to develop comnarative data on
patterns of marriape, divorce and senaration o'^ a samnle of married and un-
married mothers in 1'^'^'''. In addition, the investigator will develon a Question-
naire for a sam.nle o'^ California households to study the process of family
formation and fertility. And he will do a cor.parative study o"^ trends in

illegitimate and legitimate fertility in (California I'^^'^-l^'^l , including
abortion and renorted V.l^. cases and do a comparative analysis for a.pproxim.ately
?0 other cooperatinff states havin*^ varying- abortion sta.tutes, m.arital patterns,
and V.D. experience.

SJgni^^icance to Piom.edical Research an^ '"rop'ram q-^ the Institute: '^his study
will contribute to knowledpe concerninr illegitimacy, abortion, and V.n. in

relation to sexual and family formation patterns and prepare the p;roundwork for

a more extensive study o:'" how social patterns relating to sex a.Td m.arriaee
affect the incidence of illeaitim.acy, abortion and the current rise in V.^^.

rates. It therefore has immediate relevance to both health and nopulation-
related behavior

.

'Proposed Course: '^.is contract was continued in ''^^ 1'^'^^^ and was exi" ended with
additional funds in ^v 1075.

65



Contract "i^itle

Contractor
Money Allocated

TTICHD AN!njAL REPORT

July 1, 19TJ+ through June 30, 1975
Behavioral Sciences Branch

Contract and Collaborative Research

Black Illegitinacy and Social Response
University of Rochester (NOI-HD-5-2825)
.'-:5?T,U32 (1975)-

Oh.iectives : I-Zhereas previous studies viewed poor, black urban teenagers as a

relaiTivel^r homogeneous groups, this study based on Rochester (New York)

Adolescent ilaternity Project Interviews (l'^f9-7?-) is exploring factors related
to variations in norms surrounding illegitimacy within the black community as
indicated by behaviors, attitudes and relationships with significant others,
including parents, father of the child and their peers.

Significance to Biom.edical Research and Program, of the Institute: We know that
illegitimacy is a significant factor in fertility, which is the focus of our
research on population within the Institute. For example, m.ore than one-third
of the first births to women surveyed in a recent Ilew York city study were born
out of wedlock. !!onetheless , we have little research on the prevsiilin^ social
norms and pressiires that contribute to illegitimacy, particularly in an inner-
city poverty group. This study should heln fill that gap for needed research.

Proposed Course: This project is scheduled to be com.pleted in FY 76.

i

i
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TIIf^Hft Annual ^eport

J\ily 1, lO-^U through June ?n, 1075

Behavioral Sciences Pranch
Contract and Collaborative Research

Contract ""itle : Age at Marriage anr! '^ime to ^irst Birth: A Longitudinal

Study of Parental Attitudes anri Children's ^Personality

Contractor : College of William and Mary (NOl-HD-4-2844)

Money Allocated : $123,8^7 fio-^li)

Oh.lectives

:

Tlie proposed research consists of an intensive longitudinal study

of the effects of age at marriaee and tine to first birth on parental attitudes,

children's personality development, and family interrelationshiDS . The ma.^or

focus o^ the research is upon first-born children within self-selected families,

'^he sample consists of ^0 twc-children families, 20 in each of the four categor-

ies; early marriage and short interval to first birth, early marriage and long-

interval to first birth, late marriage and short interval to first birth and

late marriage and long interval to first birth, ""he four groups will be matched

to control for socio-economic factors and will be limited to whites. Various

measures of selected attitudes and personality attributes will be made along

with direct observations of family interaction several times during the three

years of the project. During each visit 1^0 minutes of observation will be

completed in 5 minute segments. 'Tie categories from Patterson's '"anual for

Coding T^amily Interactions will be used to classify the behavior observed

during each segment. Data will also be obtained concerning characteristics of

the parents, characteristics of the second-born children, and the interactions

between parents and children within the families.

The subjects will be self-selected respondents to advertisements placed in

newspapers of Williamsburg, Virginia, and surrounding metropolitan areas.

Sjgni-ficance to Biomedical Research anci Program of the Institute: '^is study

will expand our knowledge of the consequences o*" age at m^arriage and time to

first birth for parental attitudes and the children's nersonalities. It is

relevant to the Institute's interests in the consequences of childbearing

natterns

.

Proposed Course: This study is expected to extend through fiscal 1'^'^'^

.
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Cortract '"itle

Contractor
"one^'' Allocated

NICFT) AN^niAT, RKPnPT
July 1, IotU throus'h June "^0, 1ot<;

Pehavioral Sciences Branch
Tontract anri (Collaborative ''esearcb

""he ^^fect o' Birth '^rcer on *''other-i"hi Id Pelationshii)
Educational "estins r'e'^vice (NOl-HD-4-2803)

i

1
^h.iectives

:

'^e "rincirjal Investipator will study the e*''^ects o'f hirth order,
sex o-^ in-^'ant, and socio-econoric status upon rrother-in-fant interaction and

unon the coenitive-intellectual and erotional develoment of the infant ur' to

P yea.rs of are

.

I

'^h'"' 5 study focuses on in'^ants at each o'^ four orders o^ hirth; first, second,
third, and ^ourth or hifjher. '^e sarnrile will he selected so that each of these i

hirt^-order categories will contain ^<^ cas^s. "ach catep-ory will be -^urther i

divided into four (l'^ cases eac^ ) accordinp; to sex and socio-econonic status. ;

'"he suh.,'ects will he visited at ap-es "^ months, 1 year, and P years.
I

'"he independ.ent variables recorded at the hepinninp of the study are sex of
infant, birth order, class (middle or lower), mother's aee at first birth,
nunber o-^" siblings, birth interval and sex o^ siblinc-s . The detiendent variables, I

U standardized tests (l socio-econo"'ic and ^ cognitive) and P*^ structured
observations, will be recorded at the tine O'^ observation. Analvsis will
conpare children at each o''" the ohservatior neriods as well as their development
over the r^eriod o'^ the study.

'Cjpinificance to Bjoredical "Research and '^rorram o"^ the Institute: ""^is study

will expand our knowledge o'f the conseouences of family size, childspacing,
ape of mother at birth, birth order and socio-econom.ic status for rother-infant
interaction uT^on the coe^nitive-intellectual an"^ emotional develonm.ent of the

infant. "ence it is relevant to the Institute's interest in the consenuences
of various childbesrinp patterns.

^ronosed "ourse : "h.is studv will extend through fiscal 1'^'^'^

.

<

<
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : A Review of Actual and Expected Consequences of

Family Size
Contractor : Calspan Corporation (NOl-HD-3-2751)
Money Allocated : $36,900 (1973)

Objectives : The purpose of this study was to perform a critical review of

the existing literature on the actual and expected consequences of family

size. Included among the consequences reviewed were physical health and

development, mental health, personality, intelligence, educational attain-

ment and social mobility of children. Effects on parents included marital
satisfaction, physical health and mental health. Family consequences in-

cluded parent-child relationships and economics.

Major Findings : This review showed that small families clearly have the

most advantages. When large families were favored it generally meant that

specific family sizes (one or two children) were disadvantaged. In those

few cases the central problem was in the area of mental health and suggested
that parents may place undue pressure on children when there are only one or

two of them. Of course, finding that family size is associated with some

phenomena does not prove that family size is the cause of it. In many cases

the relationship between family size and other variables is complex and the

interpretation may be obscured by two problems. Family size and other pheno-

mena are frequently related to socio-economic status. However, several of

the seemingly negative consequences of the large family were up held when

social class was controlled so that dimension cannot completely explain fam-

ily size effects. A second problem is with the absence of controls for the

"wantedness" of children. Research has shown that the proportions of unwanted

children increases with family size and some of the apparent negative effects

in the large family may therefore not be due inherently to family size.

Parents' perceptions of the advantages for the small family were generally

upheld by the research reviewed here. There is some evidence that parents

perceive a "middle child" problem that is not supported by the literature,

and that adults seem to be at least partially in error in their perceptions

of the spoiling of an only child and in the advantages of large families.

Copies of this report may be obtained from the Center without charge.

Significance of Biomedical Research and Program of the Institut e: The

Institute has made explicit its interest in the consequences ot family size

and this research will be valuable both as a resource for others as well as

an original work. The analysis of the research designs employed by other

investigators will help to guide future researchers toward the use of

better designs.

Proposed Course : This project was completed in FY 75.
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NICHD A:rn'IUAL peport

July 1, 197^+ through June 30, 19'^5

Behavioral Sciences Branch

Contract and Collaborative Research

Contract Title : Research on the Consequences of Childhearing and Child

-

spacing Patterns

Contractor : American Institutes for Research (NOl-HD-3-2755)

Money Allocated : '566,680 (19T3)

Ob.jectives: The Principal Investigator conducted a secondary analysis of the

project 'T'AL""'^ lon(?itudinal data bank at the American Institutes for Research.

The datawere collected at four different times. In I96O a national sample of

over i+00,000 high school students were given two-day battery of tests and

questionnaires dealing with information on the student's personalities, abili-

ties, interests, aspirations, and background (e.g., age of father when respon-

dent was born, sibship position of the respondent, number -of brothers and

sisters). Follow-up interviews and qiiestionnaires , one, five and eleven years

later, yielded information on schooling, career choice, marriage, tim.ing of

the birth of the first child, and subsequent family development.

Significance to Biomedical Research and Pro t^ram of the Institute: This

research is relevant to the Institute's interests in both the antecedents and

the consequences of marriage and childbearing patterns.

Major Findings: Negative correlations were found between aptitude and achieve-
ment (including level of education) by family size for both males and females

even when socio-economic status was held constant. The exception to the
pattern is the only child, who typically shows aptitude and achievement scores

similar to a child in a fam.ily of 3 or U children. Aptitude is related negati-

vely to birth order without regard for fam.ily size or GFS. Females are affected
even more by family size than males.

Children in large families, or those horn later, have less social activity, do

more chores at home and have less effective study habits, ^hose from larger
families marry younger, start having children earlier, and have more children
than those from sm.aller families. Family size and birth order are shown to
have significant effects independent of SFS . '^his study provides evidence in

support for limiting family size because it shows that larger fam.ilies are not
in the best interest of the children in these fam.ilies, using comr.only accepted
standards

.

Proposed Course: This study was completed in fiscal l'^7j.

I

<
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NICHD ANWJAL RFPORT
July 1, 197^ through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Relationships of the Interpregnancy Interval and Other
Factors to Fetal, Infant, and Farly Childhood T-'ortality

Contractor : Johns Hopki-ns University (NOL-HD-5-2839)
Money Allocated : $l6,095 (1075)

Objectives: This project focuses on the effects of the inter-pregnancy
interval and other maternal factors on fetal , infant and early childhood
mortality. The analysis will be based on vital registration data dating from

1966 to the present from rural Bangladesh. This is a unique data set which
will enable the researcher to observe basic relationships of the timing of
pregnancies to the incidence of fetal, infant or early childhood mortality.
The investigator will be able to control for the outcome of immediately pre-
ceding pregnancy, .number of previous pregnancies, number of live births, history
of previous pregnancy losses, history of previous child losses and age of
mother. Multivariate statistical analyses of the data will be preformed.

Significance to Biomedical Research and Program of the Institute: This project
will make important contributions to our understanding of the interplay of
pregnancy patterns and fetal, infant and early childhood mortality. This
project will provide data on the health consequences of family building
patterns which is of value both to social and biomedical scientists.

Proposed Course: This 12 month project was initiated in FY 1°75.
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TTTf-trp ANTOATj rt-dop't'

July 1, 107U through June ''" , inyq

Behavioral Sciences Branch

fontract and r-ollahorative Pesearch

Contract '"itle : An Analysis o"^ the Tnpact o-^ Childhearin^ an'^ Fpacinp-

^a.tterns on the "ealth o*" the l^^other and the '^levelonrent

of the i^hild in an Urban '"oriulation

Contractor : Brown 'Tniversity (NOl-HD-5-2833)
f'oney Allocated : t51sn,nno festJ

Oh,1ectives

:

This study huilds on a nrevious contract with the saire institution

on "The Spacing of Pregnancies, Births and Completed fertility in Relation to

nocio-economic Status, Intesenerational "ohility and Aspirations for Chilriren,

Aberdeen, Scotland". It -^ocuses on the conseouences of di-^ferent childbearing
and child-rearinp patterns at various ages with particular attention given to

early and late reproducers and changes that have occiirred over tir.e anong sub-

groups of the population. Data pertain to: (a) the health status o^^ the mother

^or all ^^,000 -pregnancy events that occurred in ^berdeen, loIi°.-lQVT; ("b) as-e

,

marital status, and socio-economic status o-*" t>^e mother and father j and (c)

results of mental and nhysical tes+s administered to all 1?,'^'^C children bo-^n

in Aberdeen, lOSO-loch^ through the age-11 examination in school and to other
birth cohorts as well.

^or di'^:^erent socio-economic status e^rours by ape and m.arriap-e cohorts, the
study will: (l) examine the conseoiiences b-v parity of childbearinr and child-
spacing patterns on the mother's health and the health and developm.ent O'^ the

child to the teenage years, ^ocusing on the wife's social mobility, ap-e at

marriap-e, and close vs. lonner snacing of pregnancies: (?) relate complications
o-^ -nrefnancies and deliveries by nrep'nancy number to treneral healt^ status o^
the mother emphasizing how freouency o"^ childbearing a*'fects the health of

mother and child and of the physical and mental developm.ent of the child; ("^^

examine abortion and sterilization over time as to characteristics o^^ the
persons involved, etc.; (h) examine the impact of divorce and remarriage on

reproductive patterns; and ^S) analyze the physical and mental development of

the children and cross-index these child development data to the obstetric
records

.

Significance to Biomedical Pesearch and Program of the Institute: '^e Aberdeen
data provide a rich source of lone-itudinal data on the effects of childbearing-
and spacing patterns on the health of the m.other and the developm.ent of the
child and as such is central to the concerns of the Institute.

Proposed Ccmrse: This study is scheduled to be completed in FY IQTfi

•
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Analyses of Relationships Between Fertility, Marriage
Dissolution, and Remarriage

Contractor : Research Triangle Institute (NOl-HD-5-2838)
Money Allocated: $159,324 (1975)

Ob jectives : This project is making use of existing data--the 1967 Survey
of Economic Opportunity, the 1971 Marital and Fertility History File, and

the National Fertility Surveys of 1965 and 1970--to analyze childspacing in

relation to changes in marital status of the mother. The analysis is limited

to women with not more than four children. The investigator is developing
a classification system that will combine childspacing and marital history
data into indices. The larger bodies of data (SEO and M/F Histories) are

being used to set up the system and the NFS will be used to investigate the

relationships of the indices with detailed socio-economic and attitudinal
variables. This study builds on the work of others in the area of marital
disruption and fertility and will offer new insights into the reciprocal
effects of fertility and marital dissolution.

Significance to Biomedical Research and Program of the Institute : This

project will offer insights into two forms of behavior which have health
and social consequences both for the individual and society--fertility and

marital dissolution. The relationship between fertility and marital dis-

solution is complex and most likely reciprocal. This study will be a basis

upon which other in-depth studies could be built.

Proposed Course : This 2-year project was begun in FY 1975.
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NICHD ANNUAL REPORT
July 1, 197I* throtigh June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Proposal for Research on the Consequences of Childbearing
and Childspacing Patterns for Parents

Contractor : Battelle Memorial Institute (NOl-HD-5-2840)
Money Allocated : $100,670 (1975)

i

i
Oh.jectives: This project focuses on the effects of age at first marriage,
age at first birth and the number and timing of births on (l) parental satis-
faction, (2) marital satisfaction, marital dissolution and remarriage, (3)

characteristics describing the marital relationship, (h) the occupational be-
havior of each marriage partner, (5) geographic mobility, (6) family income,
(7) religious, community, and leisure activities, and (8) personal esteem. The
effects of childbearing and childspacing on these outcomes will be examined for
both women and men. and comparisons will be drawn between the two sexes.

This analysis will be based on data collected from the Coleman study of high
school students and a 15 year follow-up of these same respondents.

Significance to Biomedical Research and Program of the Institute: This study
will be valuable in the insights it will gather to the interrelationship of
fertility behavior and social and psychological well-being. Fertility behavior
has both biomedical and social consequences and this research will elaborate
on how biological phenomena result in social and psychological outcomes for
people and \inder what conditions

.

i

Proposed Course: This 12 month project was initiated in FY 1^75 I

I

«
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 197 5

Behavioral Sciences Branch

Contract and Cc llaborative Research

Contract Title : Research on the Consequences of Childbearing and

Childspacing Patterns

Contractor : The Johns Hopkins University (NOl-HD-5-2836)

Money Allocated : $81,684 (1975)

Objectives : This study will use a national sample of 2,077 white students

who were high school sophomores in 1955 and who were surveyed by the

Educational Testing Service in 1955 and in 1970. The analysis will focus

on the ways in which sex-role socialization, sex-role orientations, marriage,

and fertility patterns contribute to: sex differences in levels of education

and differences in patterns of schooling; patterns of female labor force

participation; and for those employed full-time, levels of occupational status

and earnings

.

Women are seen by this researcher as uniquely subject to the influence (pro

and con) of both their family of origin and their family of procreation. The

first type of influence greatly affects school careers of women, but socio-

economic achievements of women are to be examined more closely in regard to

the second type of inf luence--which includes the needs for providing child

care and also the attitudes of the husband toward appropriate sex roles for

women. The research will synthesize the impact of labor force economics,

demographic factors, and social psychological factors that combine to in-

fluence career outcomes, including the choice of no socioeconomic career.

The analysis '.vill involve scaling strategies and complex model construction,

path analysis as well as multiple regression and analysis of variance, to

explain educational attainment, fertility and labor force participation, and

current activities and achievements of women at about age 30. This is to be

a two-year project of career contingencies in the context of family constraints,

with comparisons of data for men and women whenever feasible. The analytical

product that will result from this study should throw much light on the effect

of childrearing on the quality of life of the parents of the children, under

different circumstances as to the number and spacing of the children and the

career potentialities of the parents who are involved. The study deals with

the effects of childbearing on the females' further education and with the

relationship between age at marriage and education, which are phenomena not

generally studied.

Significance to Biomedical Research and Program of the Institute : This re-

search is relevant to the Institute's interests in the correlates and conse-
quences of childbearing patterns.

Proposed Course : This study will extend into fiscal 1976.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

i

Contract Title : An Economic Analysis of the Consequences of Child Spacing
and Related Fertility Behavior

Contractor : The Rand Corporation (NOl-HD-5-2837) i

Money Allocated : $128,000 (1975) 1

Ob jectives : This study is an economic inquiry into the effects of spacing,
timing and numbers of children on certain aspects of family behavior. The 1

project is assessing the effect of parity and number of siblings on children's

economic well-being through an analysis of the determinants of schooling
received by children. This analysis involves the use of simultaneous equa-

I

tion techniques applied to a variety of extant data sources such as the
I

National Longitudinal Survey and the Income Dynamics Panel. The project is

also looking at the effects of timing, spacing and family size on parent

economic well-being. This involves an analysis of the effect of fertility-
j

related behavior on consumption and savings patterns over the life cycle
|

and the relationship between a wife's earnings and her prior (and expected) I

fertility experience. This too involves simultaneous equation analysis
j

applied to the National Longitudinal Survey, and the Income Dynamics Panel,

as well as to the Consumer Anticipation Survey and the Consumer Expenditure
Survey.

1
Significance to Biomedical Research and Program of the Institute : The
analysis of the consequences of fertility behavior is central to the program
of the Center. This study will elaborate a very important set of consequence^

the economic ones. The successful completion of this project will make a
|

significant contribution to our understanding of the interplay of fertility '

behavior and economic well-being.
i

Proposed Course : This two-year project was begun in FY 1975.

I

(I
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

A Study of Optimum Population Levels
University of Virginia (NOl-HD-2-2052)
$58,275 (1972); $95,000 (1973); $164,017 (1975)

Objectives : This study is exploring different approaches to, and a method-
ology allowing the calculation of, an "optimum level of population" in terms
of increases or decreases in an index of quality of life (IQL) . The major
effort is toward a modification of the Gross National Product (GNP) to adjust
for the amount of the national income accounts which are directed to the dis-
economies produced by population growth. The study will attempt to project
changes in the so-called IQL as population increases and as population dis-
tribution changes under the assumption of various technologies relating to

mineral consumption, water use, energy, and other natural resources.

Significance to Biomedical Research and Program of the Institute : This is one

of the very few studies in the Behavioral Sciences program of the Center which
addresses itself to the problem of measuring the consequences of population
growth and change. Much of the current concern over the effects of increasing
population size has been based on data and on assumptions which have not
always met with general acceptance. This study is attempting to develop a

methodology which will make the consequences of population growth and change
much more specific and identifiable, at least in economic terms and therefore
should be of great benefit to policy makers in the determination of what popu-

lation goals should be pursued.

Proposed Course : This study was first funded in fiscal 1972 and has been
renewed in 1973 and in 1975.
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^'TCHD ATITTTJAL P.-PPOT)'^

July 1, inyl; throug-h- June 3^, 1"'^5

Behavioral Sciences Branch

Contract and Collaborative Pesearch

Contract "itle : '"he ^cononic and '^nvironnental f^onseouences of
Ponula.tion Chanpie

Contractor : Resources ^or th^ ^uture (NOl-HD-42805)
Money Allocated : *2B3,1?^ flOTU;i; *P?,1;13 f 10751

Ohjectives : T^is study is estimating the na.^or effects on the economic, the
resource hase and the environment of a numher of alternative demographic
develonnents, hoth nationally and regionally, that may occur durinc the
next 3n_so years. Three models are beinfr used, suTjplemented by special
studies where necessary.

"^e first model onerates on a national level and is an. extension and modifi-
cation of the mod,el used in the invest if^ator's contribution to the Ponulation
Commission Report (Vol. III). Usinp various demographic, econom.ic and tech-
nological a.ssumptions as exop:enous variables, this m.odel provides output in

the form, of labor force by econom.ic sector, economic output by IP'S sectors,
investment by economic sectors and so forth. The m.odel also predicts re-
source reauirements (both by primary minerals and energy) by economic sector
and pollution emission and treatment cost by econom.ic sector.

'"he second model uses outputs from the first model and disag^reeates effects
to the regional leve]. . The third model will use the outputs from, the first
two models and focus on the ag-ricultural sector, invest isating land and water

(

requirements and output polliitants from, nesticides, chemical fertilizers,
etc. In addition, a series of scenarios will be developed pertaining to
likely chang-es in factors (taste, technology, etc.), which could influence
the relationship between nopulation and the economic and environmental variable

Finally an attempt will be made to draw conclusions about topics not speci'^'i-

cally included in the model. Hsins- the national model, for examnle, the
contractor can investigate whether a m.ovement towards a stationary population
would make it more or less difficult to maintain f\ill employment.

Pig;nificance to Biomedical Pesearch and ''^rogram of the Institute: "Tiis pro-
.lect is relevant to the Institute's goal o''" understanding the conseauences of

j

population size and distribution. A central issue in the study of nonulation
growth rates is how they affect general welfare o-^ the ponulation. 'Tiis

pro.ject will elaborate the ef'^ects of ponulation size on reneral welfare and
especially on the economic and resource bases, ""hese ef^'ects most directly
influence the quality of li-^e experienced by the population. The regional
component of this pro.ject will provide valuable data on the effects of
pollusion, agricultural practices and land or water use patterns.

i

Proposed Course: This is an 1^ month study.
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TIICHD AWTUAL REPORT
July 1, IOTU through June 30, 10^5

Behavioral Sciences '^.ranch

Contract and Collaborative Pesea,rch

Contract Title : Population ^rrowth and 'F>inloi,Tnent .Growth in "etronolitan
Areas

Contractor : ^e Urban Institute fWashinrton, ]^.C.) (NOl-HD-4-2807)

'•'oney Allocated : *lT'^,n^'^ ^lo^L); *io,o-pn (1075)

Ob.iectives

:

'^.e purpose was to design a model ouantifying the interaction o-^

derographic change and ennloyrnent change as they have occurred in the recent

nast in sone ^11 P''PA and smaller metropolitan areas covering over ''C nercent

o-f" the ^^.S. nopulation.

TTie DrinciDal base for this research was a file on population an'^ emplo^/ment by

industry and economic and social characteristics -^or these metropolitan a,reas

for l'^'^^ and 1"T0 on the basis of unpublished tapes of County Business

Patterns for i^fiO activities representing a li-digit partitioning o"^ the Ftandard

Industrial Classification supplem.ented by data from, other sources and estimates

of the number of em.ployees in particular industries.

Significance to Piomedical Research and Program of the Institute; Th^e focus of

this study on the interrelationship between economic p-rowth and population dis-

tribution provides a new dimension to internal m.igration—one of the research

areas in the Institute's program, ^nowledere of the economic basis o'f the
distribution of population is im.portant in assessing the availability and

private-public mix of the delivery of health services.

^'a,1or ''bindings

:

Sim.ultaneous equations of a num.ber of variants o-^ the im-
migration eauation for the local and regional -average values o*" citv attributes
(rrowth of er.ployment, unemployment rate, wage rate and logarithm of population)
gives strone support to the in-mipration model developed, '"hat model states
that the rate of in-migration depends on: attributes of the cities to which
mifi-rants move and o-^ all othe^- cities in the system ^ depending on city si7.e and

distance from the destination city), -nopulation characteristics o^^ all other
cities associated with hi(?h m.obility, and indicators of nast migration to the
destination city. Prelim.inary findings -^urther indicate that the non-linear
model of emnlo^rment change—that emnloyment chanee in a siven period is a

(positive) proportion O''" the dii^-^erence between desired and actual levels—is

strongly confirm.ed for some industrial clusters.

Proposed Course: '^e contract was com-nleted at the end of ^^ lo^c. except for
the final report.
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Contract Title
Contractor
Money Allocated

NICHD ANTSIUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Consequences of Metropolitan Population Stability or Decline
Scientific Analysis Corporation (NOl-HD-4-2806)
$41,356 (1974)

Objectives : The purpose of this study was to address theoretical and policy
issues related to the consequences of metropolitan population stability or

decline based upon empirical investigations of 30 selected American metro-
politan areas which have experienced periods of population loss since 1940.

Two samples of cities were compared over the period 1940-1970, one which has

grown continuously and one which has had episodes of non-growth. An inten-
sive study of a selected sub-sample of cities with stable or declining popu-

lations was also carried out.

Significance to Biomedical Research and Program of the Institute : The focus

of this project is on the consequences of distribution of population, a topic

clearly relevant to the aims of the Institute. The general problem of dis-

tribution is whether it contributes to the maximum adjustment of people to

their social and physical environment. A central issue in the argument for

population growth vis-a-vis stability or decline is the ultimate effect of

these processes on general welfare.

Major Findings : This study has found that while most development and plann-

ing theory is based on assumptions of growth, metropolitan areas without
growth have increased in number with each decade since 1940. While these
areas are diverse, there are some common factors. Most are former boom towns,

hastily built to capitalize on a transitory economic advantage. Not all

former boom towns have declined but those that did typically were (a) com-

petitively weak within the "boom" industry, (b) were absentee controlled, and

(c) were highly specialized. They failed to develop new growth sectors in

other industries during the boom period and had to diversify later in a far

weaker bargaining position.

The process by which areas stabilize or decline in population may begin when
the children of the first inmigrants are ready to enter the labor market.
With the economy unable to absorb them they go elsewhere thereby altering
the age composition and the fertility-mortality pattern of the area. Others,
rather than leave their home community, may take lower paying jobs, commute
or withdraw from the labor force in response to the poor economic conditions.
Stability without growth has some positive aspects. Crime rates are relatively
low and housing is cheap, plentiful and to a large extent owner-occupied.

Proposed Course : This project was completed in FY 1975.
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^JTCTir /VmiTTAL P^^O^T
.Tuly 1, IT^li t.broufTh June ^n, 1075

behavioral Fciences Branch
fontract anr? Collaborative ^esearc^

Contract 'T'itle : "o-nulation Reriistrihution and depopulation in ''Ton-'^fetronoli-

tan Pennsylvania: Cocial anri '^cono^iic 'Correlates and Policy
Tf.rlications

Contractor : ""he ''Pennsylvania Ftate "niversitv (NOl-HD-2-2743)
^'oney Allocaterl : ^poli^os*^ (I'^'^P); *'',^]^ do-rh'i; '^ho^v^s fin-^h)

'^h.^ectives

:

i^iis is a coT^i-Dlex un'^ertaVinp- which is invest ieratinfj; historically
and conter^poraneously , the non-F.etropolitan T)opulation chantres in the Htate of
Pennsylvania. The investigators have created a data hank of relevant historical-
statistical inforr.ation and created a tynolopy -^or the non-metronolitan areas in

order to analyze the most important processes shaping- chanee in those areas.

^'a.jor ^indinp:s

:

""he metropolitan population of 'Pennsylvania has continued to
push outward from the central city and the onen countryside is sttractin/? more
settlers than the small non-metropolitan towns and cities, ^f coiirse, many rural
areas, less desirable in terms of amenities or location, continue to suffer popu-
lation loss. Pome of the recent abatem.ent in the previously heav},' outflow o-^

"^ennsylvanians to other states can be attributed to areas within rural sections
of the state, places without specific economic opportunities, that nevertheless
attract workinfr-ap:e adults as well as the elderly. In any case, the new flow
o'-^ migrants within the state has auite recently reversed, so that the nonmetro-
politan counties are receiving more people than are beinp- sent to the metropoli-
tan areas

.

'Evidence suffp-ests that attitudinal -^actors rather than technolop;ical factors may
he, responsible for the emereincr patterns o'^ population distribution, ''''ewly

available lim.ited-access highways seem, to nlay only a nuite lim.ited , temporary
role in facilitating settlem.ent in some nonmetropolitan localities within daily

commuting rar.^e of large cities, ^ast and potential mip:rants indicate a distinct
preference -^or nonmetropolitan, not simply suburban, residence, but for sites
within com'^'ortable reach of the social and economic resources of larger cities.
'Tiese aspirations are beinr realized to a surprising degree; and monitoring
changes in residential preferences and how those pre^^erences are realized may he
necessary for the form.ulation o^" policies for population redistribution.

Sig:ni'ficance to Biomedical Pesearch and Program of the Institute: '"he issue of
population dynamics in nonm.etronolitan areas af'^'ecting population distribution
has been a very neglected area for research. Several nroposals are currently
pending in Congress and elsewhere for increasing the attractiveness of nonmetro-
politan areas. '.'Whether or not these are well advise'^ depends upon the under-
standing of the forces and processes affecting such areas and upon projected
distributions of population and econ'-i"ic opnortunities.

"roposed Course

:

'^is railti-faceted research program will be cor'nleted in
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 197 5

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : The Distribution and Differentiation of Population
Within Metropolitan Areas

Contractor : University of Michigan (NOl-HD-1-2210)

Money Allocated: $110,936 (1971)

Objectives : This study analyzes 1970 U.S. census tape data for 25 SMSAs and

compares these with census materials for four Canadian metropolitan areas to

determine: (1) the degree of residential segregation of different socio-

economic groups and of families in different stages of the life cycle; (2) the

pattern of segregated housing of different types and ages; (3) the relation
of housing type to socio-economic characteristics of occupants; and (4) var-
iations in population distribution in different metropolitan areas.

Significance to Biomedical Research and Program of the Institute : The dis-
tribution and differentiation of population in cities is of major importance,
but there have been few empirically based studies on this topic. This study
will provide a framework for considering the similarities and dissimilarities
of a sufficient number of metropolitan areas in the U.S. and Canada to give
meaningful results as to population dynamics and will develop generalized
analytical tools for the study of other cities. This research goes beyond
a study of segregation patterns to look at associated factors. It is thus
highly relevant to NICIID goals and should be useful to urban planners as well.

Ma jor Findings : Census data was analyzed to describe migration trends up to

1970, especially those patterns involving blacks between 1960 and 1970. This
showed that blacks continued to migrate away from the South to the three
other regions although the volume and rate of out-migration were lower in the
1960s than in either previous decade. There is no evidence of a substantial
in-migration of Northern-born blacks to the South nor do the figures reveal
a substantial return migration of blacks from the North or West to the South.

This study of the distribution of population within metropolitan areas has
found that residential segregation exists in practically all U.S. cities.
Where there has been no direct government pressure there is also school
segregation. In cities where there has been government pressure there is no
correlation between residential and school segregation.

Proposed Course : This project, begun in FY 1971, is expected to be completed
in FY 1975.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Reimbursable Agreement Title: Income and Migration in the United States

Contractor: U.S. Bureau of the Census
Money Allocated: $60,000 (FY 1974); $80,000 (FY 1975)

Objectives : The purpose of this reimbursable agreement is to study how the

absolute level of individual and family income and type of income interact
with other variables to influence decisions to move, the distance moved and
region of destination. It will also study such consequences of migration as

effects on earnings, trends in income and fertility, and progress of children
in school. To meet these objectives, the 1960 census data relating to mi-

gration will be retabulated to be compatible with tabulations available for

the 1970 census and the Current Population Survey 1961-1970.

Significance to Biomedical Research and Program of the Institute : Migration
is the demographic process by which individuals and groups adjust to their
social and physical environment. The evaluation of the degree to which this
is successful, and the factors which influence the process is especially re-
levant to the program of the Center for Population Research, which has as one
of its emphases the study of consequences of population growth and change.
It will provide information of concern to the Public Health Service and DREW
in that it will document the role of poverty status and welfare assistance
programs in determining decisions to move or stay, and the economic and edu-
cational consequences of such moves for individuals, particularly those in

poverty status.

Proposed Course : This reimbursable agreement was initiated in 1974 and will
be completed in FY 1976. Two monographs reporting the results will be issued.

(RAl-YOl-HD-4-1016)
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Contract '^itle

"ontractor
^'onev Allocated

'TTCH^ ANT'TIAL REPORT

July 1, l^'^li t^TOUFh /une ^0, 107s

Behavioral Sciences 'Branch

Contract anri ^"ollanorative Pesearch

^'ew Fstiration "^echnioues for ''lemop-rarihic Analysis

University o^ ^'crth r-^rolina (NOl-HD-0-2187)
^•Yc; cj-ro f'i^oT'^1. *]_-o Qt,'; fin"!'). f^l3(' i^pP. flT^Ji)

Oh.-^ectives

:

^e nur-pose is to develon sensitive indicators of chanfce in "

fertility patterns, i.e., annronriate measures :^or the analysis of the lenp-ths

of "closer!" intervals (between hirths) and "open" intervals (since the r.ost

recent hirth). "uch data, are assunir.fr incressinp prominence as -predictors of

natality change and indicators o-^ the e-f-^ects o-^ fa^iily planninH; nroFrarrs

.

"^he contract will develon new measures, assess their accuracv, reliability,

and sensitivity, and compare various procediires for collectinp the necessary

data, '^o evaluate the measures, an existinf^ microsimulation model will be

modi-f"ied and other special purnose m.odels utilized as necessary. '^-^ nro.lect

should contribute to more peneral methods analyzing current natality data and

to the choice o^ appropriate indices of chanpe.

Fxnerim.ents usinr auemented sim,ulation models are beine devised to (a"* simulate

reproductive performance, postulatina- '^i'f-^erent beha.vior patterns re-flect^'no;
j

di'^ferent levels and rates o^ population chanp-e, (Y) sim.ulate '^if-^erent schemes

of sampling in data collection in real norulations , fc) calculate from such

simulated da,ta the values of the measures derived above, and (
-''

^ assess the
|

behavior o^^ these measures in response to the conditions o^^ the experiments. i

""he nro.iect has been broadened to include: ( r) a comparative s^udy c^ the '

sensitivity of alternative indices to chan(?PS in -fertility, emphasizing indices]

based on birth intervals as compared with the more traditional measures of
j

total -fertility and afe-snecific :^ertility rates, and (b') development of docu-
j

mentation of the pO'^^vv simulation i^odel o^^ a nopulation' s reproductive historyj

and the associated computer program T''"^^Vh used to tabulate birth spacin? in-
1

tervals in populations generated by the T^npp-pp model

.

i

"a.'jor ^IndinFs: Ffforts to date have -^ocused on modifications o-^ existme mi-
j

crosinulation m.odels of -fertility behavior to us-^ in carrying out the purposes I

of 'this study, ''/arious experiments with these models have dealt with a number

O'^ aspects o"'' fertility measurement, aronp them mea.sures o:f "fecundability, 1

or the monthly probability of conception, which generally varies between .1^
j

and .?n amonp women not usins- contraception.

f^ignlficance to biomedical Research and ^ropram. o'^ the Institute: '^e develop-
ment of more sensitive indicators of current changes in fertility has important

implications for both the collection of vital statistics and the evaluation ofg|,

the effectiveness o' public health prop-rams , includine those relating to famil^
pla,nninp:. I

Proposed bourse: ^le contract, initiated in '^^ 1'''''^, will continue into

(!
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Methods and Techniques for Using the 1960-1970 Census
One Percent Public Use Samples

Contractor : National Data Use and Access Laboratories, Inc.

Money Allocated : $235,403 (1972); $252,296 (1974) (NOI-HD-2-2707)

Objectives : The purpose of this proposal is to develop techniques to facili-

tate the wider use of the 1970 Census Public Use Samples (PUS). The project
emphasis is on the handling of very large files by writing programs using
COBOL and FORTRAN program to merge different types of records, create smaller
work tapes, and provide programs for cross-tabulations and analysis of data.

The proposal also includes the writing of users' manuals and provision of

classroom instruction in the use of these programs which will be available

in the public domain at low cost.

Major Findings : During the course of this contract DUALabs has created two

computer software systems -- PUSH and CENTS-AID. Both programs are designed
to facilitate the analysis of large data files -- especially the Census
Public Use Sample tapes. PUSH enables researchers to analyze PUS data with
the widely available SPSS package of computer programs. CENTS-AID allows

researchers to process very large tables quickly, and therefore at a reduced
cost. Both of these advances will serve to make the vast bodies of data

more accessible to researchers and others interested in working with Census
and related data bases.

The PUSH and CENTS-AID programs have been distributed by DUALabs to 32 sites

and are available at a nominal cost. The manuals which explain the programs

have been printed by GPO and distributed at no charge to hundreds of inter-

ested persons by either DUALabs or NICHD. DUALabs offers seminars and

instruction in the use of both PUSH and CENTS-AID.

Current work on the programs will reduce their machine and file dependence

and therefore broaden their usefulness. Also, a basic statistical package

is being added to CENTS-AID.

Significance to Biomedical Research and Program of the Institute : The U.S.

Census is an important source of data for demographers and other social

scientists, as are other censuses which are made available from time to time.

The sheer volume of the 1970 output, however, requires special effort. The

needs of most researchers could be satisfied with select variables and records

on a single manageable reel tape but the problem is to produce chat reel or

tape for individuals. DUALabs is a unique facility, incorporating previous

experience with census, and several years work in this field.

Proposed Course : This project is scheduled to terminate in August 1975.
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Contract Title
Contractor
''one?/ Allocated

NICHD ANT.TT'AT.- pi^POP'^

July 1, in^k throup;h June 30, l'^75

Behavioral Sciences Branch

Contract and Collaborative ^^esearch

Sur.port of Publication of Pp-nulation Index

Princeton University (N01-HD-1-2I38)
*oP po,^ flT^i).. *7P n^U (lo-^^): ,*on^P79 (107^^;
.*OQ^339 (107S)

Oh.^ectives

:

"he purnoses of this supnort are to -Derriit the continuation o-*" the

publication of Population In^^ex as a ouarterly lournal containing bibliop;rarhic

information and special articles in the -Dorulation field; to computerize the
prenaration of final copy for photo-off-set reproduction of the Index ; and to
develop a computerized retrieval service for the production of special biblio-
graphies.

nip:nificance to Biomedical Pesearch and Program of the Institute; The need for
Vnowledsre about changes in nopulation size and connosition and the way in which
these are related to socio-economic factors is well recop:nized by policy makers
in the field of public health, ''^or these and other users of demoFraphic re-
sources, an accurate and comprehensive sruide is essential. NTi^HP funding permits
the maintenance of a bibliographic tool of tested utility and the broadening of
its usefulness for searching and finding. 'Tie Index over the past 3"^ years has
also carried a broad range o'^ articles on current developments in demogra-ohy.

Ma,1or bindings; In an effort to conform to government nolicy. Population Index
has achieved self-support with respect to publication costs. Continued support
is beinp; sought only for the salaries of those engaged in bibliographical work
in the field of demography. With the -^^inancial support thus far provided and
the acceptance of NICHP guidelines, the Index staff has (l) increased office
efficiency, (?) im.proved t^e oua] ity o-^ the publication, e.g., by the inclusion
of a "Checklist of Current Covernment f^erial Publications Containing Vital or
"igration Ctatistics" and (") made the Index available reasonably close to its
issue date. Pecent computerization o-^ statistical tables alongside the author
and geographic indexes has permitted o-^*"set reproduction to save typing costs.
Ipcreasing circulation (up S"^ between "farch l"7)i and ''arch 10'7'5 issues to ^,7^7)
has also helped to offset rising costs o-^ producing and distributing the Index .

Thus progress has been made despite the shift in editors necessitated by t^.e

accidental death of the previous editor.

T'roposed Course; 'T-.is contract, initially ^u.nded in 1^71, will be considered
for a one-year renewal beginning in Cppte'^ber 1'^'^'^.

(I
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch

During the past fiscal year the Contraceptive Development Branch has contin-

ued its support of a wide variety of projects aimed at the development of

safe and effective methods for . fertility regulation in both men and women.

Significant progress has been achieved by our contractors and will be dis-

cussed below under broad categories of (A) Directed Fundamental Research and

(B) Product Development Research.

A. Directed Fundamental (Biomedical) Research

Basic studies in several well-defined areas of reproductive biology and bio-

chemistry are essential in providing the scientific base for the product
development area.

Studies in the Female

Detection of Ovulation

The search for reliable methods of ovulation detection and prediction is in

progress. There exists a growing interest in this area of research because
of its possible utility for the improvement of natural family planning methods,
Development of transducers for the detection of ovulation has continued.
Results obtained during the past year suggest that the ovulated ovum can be
sensed during its passage through the ampulla. Further modifications in both
transducer and telemetry design are required to make the system operative in
nonrestrained primates.

Attention has been focused on the possible utility of changes in the biochem-
ical composition of vaginal fluids as predictors of ovulation. The results
obtained thus far suggest that there exists a relationship between the vaginal
volatile fatty acids and ovulation; however, the data are equivocal for pre-
dictive purposes. The search for practical indices of ovulation detection
and prediction is being expanded.

The Oviduct

Development of instrumentation for the measurement of oviductal contractility
in unrestrained animals has reached the stage where this instrumentation has
been applied to the analysis of drug and hormonal influences on oviductal
motility. It is clear from these studies that wide species differences exist
in response to drugs and that these differences must be taken into account in
interpreting the mechanism of action of antifertility drugs. In general,
oviductal contractility in the rabbit is of much greater intensity than in
the macaque and appears to play a greater role in ovum transport. The direct
contributions of muscular contractility and of ciliary activity in gamete
transport are yet to be resolved and may be of differential importance in
different species.
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The Cervix

Numerous investigators have attempted to delineate the changes that occur in
the cervix during the menstrual cycle. Most of the studies have been morpho-
logical in nature. However, in the past year, studies have been initiated to
identify, characterize, and quantify the cytoplasmic estradiol and progester-
one receptors of the primate cervix, and to determine whether the quantities
of such receptors are influenced by hormonal changes during the menstrual
cycle. Results indicate that while the binding properties of the receptors
in the uterus and cervix are similar, the cervix contains lower levels of
both estrogen and progesterone receptors.

Studies on the biochemistry of cervical secretions and the relationship of
biochemical changes to the rheology of cervical mucus are in progress. The
results are too preliminary to make firm judgments concerning significant
trends. It does appear, however, that proteolytic enzjntnes play a role in
facilitating the passage of sperm through mucus and that their inhibition
hinders sperm passage.

Ovary - Corpus Luteum

Methodology has been developed that permits the evaluation of inhibitors of
progesterone biosynthesis Jji vitro. Spectroscopic analysis and bioassay
data have produced essentially the same results. Validation of these assay
systems permits rapid screening of a variety of compounds. It has been shown
that the d- and 1- isomers of aminoglutethimide have differential action.
The d- isomer blocks progesterone biosynthesis and the 1- isomer has primarily
sedative action. The luteolytic effects of the d- isomer are currently being
studied in the baboon. Certain cholesterol derivatives appear to be even
more potent progesterone biosynthesis inhibitors than aminoglutethimide.
Similar studies have been carried out on the inhibitors of estrogen biosyn-
thesis. Several steroids have been identified which block estrogen sjrnthe-

tase and reduce the circulating levels of estrogens in laboratory animals.
The contraceptive action of these steroids in rats can be counteracted by
the concomitant administration of estrogens.

Studies of Male Reproduction Process

Studies concerned with molecular events occurring during capacitation of
sperm and penetration of the ovum by sperm have continued. The acrosome
surrounding the anterior of the sperm head plays a vital role in the fertil-
ization process. The enzymes implicated are hydrolases of various kinds and
are believed to be located in the acrosomal region of the sperm head. The
most studied enzyme, the trypsin- like proteinase, acrosin, has been isolated
and purified from a number of mammalian sperm species, including humans.
Direct blocking of fertility by inhibition of an enzyme, e.g. acrosin,
essential for egg penetration is a possible method of contraception. Seminal
plasma contains a large excess of acrosin inhibitors; however, with the
exception of the trypsin inhibitors, other inhibitors have produced results
of questionable value to date.
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Specific androgen binding proteins have been demonstrated in the testis. The
binding has been characterized with respect to affinity, specificity, and

dissociation rate constant. Both androgen binding activity and the androgen
binding protein which is transported from the testes to the epididymis in

tubular fluid decrease gradually following hypophysectomy. FSH treatment,

as well as testosterone treatment will restore binding activity in both

organs. There is good evidence that the Sertoli cells are the source of this

binding protein. A better understanding of the fundamental physiological

mechanisms involved will provide a more rational assessment of androgens and

anti-androgens as male contraceptive agents.

Initial experiments have established that rat testes can be dissociated and

viable preparations of isolated tubular cells could be obtained. Following

exposure to low doses of FSH, colonies of cells were formed on the bottom of

the culture dish within a 24-hour period. These findings, for the first time,

demonstrate an action of FSH on a discrete testicular cell jji vitro and

should provide new insight into hormonal and cellular interactions involved

in spermatogenesis.

Experiments performed to test the effectiveness of polydimethylsiloxane (PDS)-

testosterone implants to create azoospermia without elevating plasma testo-

sterone in adult male rhesus monkeys have been completed. At a dose that

maintained sex accessories, only two of the six animals became azoospermic.

The failure to achieve complete suppression of spermatogeneis indicates that

testosterone alone is insufficient to inhibit pituitary gonadotropins in male

monkeys. The data suggest that a contraceptive formulation containing not

only an androgen but also a potent non-androgenic pituitary inhibitor is

required. The observations made in the rhesus are considerably different

than prior observations made in the male rabbit where the same type of

implant does produce azoospermia.

Mechanism of Hormone Action

Continued progress is being made in the appreciation of the various steps that

produce the expression of hormone action. Quantification of progesterone

receptors in both the cytoplasm and the nucleus under a variety of endocrine

conditions has been accomplished. Estrogens appear to play a crucial role

in increasing the number of the available uterine progesterone receptors,

whereas the administration of progestins lowers receptor activity. The

striking fall in receptor activity following progestin treatment cannot be

accounted for by receptor occupancy by the administered steroid or by

nuclear transfer. Purification of the progesterone receptor has been facili-

tated by the discovery that ATP can serve as a ligand. Employing ATP affinity

chromatography a purification of between 30 and 100- fold was generally obtain-

ed and the recovery of the receptor was greater than 80 percent.

A by-product of research on the progesterone receptor has been the utilization

of receptor binding as a tool in screening for possible antiprogestins. The

screening for biological activity, as opposed to binding activity is being

facilitated by the development of an in vitro progesting bioassay. This

assay utilizes glycogen deposition in cultured endometrial explants as an

endpoint and promises to be a useful bioassay tool. Validation of the
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techniques for responses to a variety of progestins and antiprogestins is in

progress.

Studies on the uterine estrogen receptor have progressed to the point where

small quantities of the "pure" receptor have been isolated and characterized.

Additional work on the receptor protein involves amino acid composition

analysis and the production of antisera to the protein.

B. Product Development Research

The program aimed at the development of new contraceptive modalities has been

continued along a broad front. The various components of this program extend

from laboratory synthesis and testing of new chemicals to clinical trials

involving both drugs and devices.

Drug Development Program

The drug development program involves the synthesis and biological evaluation
of chemically diverse potential antifertility agents. Chemically, the pro-

gram encompasses steroids, polypeptides, prostaglandins and a variety of

other substances broadly classified as non-steroids.

For the past several years we have been evaluating a silicon containing
steroid with estrogenic activity. It has exhibited a favorable ratio of
antifertility to estrogenic activities and is presently being tested for

postcoital activity in the rhesus monkey and the baboon. It does not appear,
based upon gonadotropin inhibition studies in rats and monkeys that this
steroid offers significant advantage over ethynyl estradiol as an ovulation
inhibitor.

During the next year we will also be studying another novel steroid, and
chemical modifications thereof, which in preliminary postcoital assays has
shown a very favorable separation of antifertility from estrogenic activity.

Another area of considerable contract activity in the synthetic steroid pro-
gram is the quest for an antiprogestational agent. Such an agent which could
be considered as a once-a-month pill would be a completely novel chemical
contraceptive. Its mechar.ism of action would be primarily that of blocking
the action of progesterone in the uterus. In its application in fertility
control it could therefore serve as an implantation inhibitor or as a menses
inducer. We have been investigating some unpublished leads obtained from the
National Cancer Institute's screening program. We have confirmed the fact
that a number of these steroids do have antiprogestational activity and we
are now determining whether those compounds which have very little or no
estrogenic activity also have useful antifertility activity. A number of
these compounds will be sjmthesized in our Synthetic Chemical Facility (see
below). A new contract dealing with potential antiprogestational agents will
be pursued during the next year. The prototype steroid is an androstane
derivative and preliminary efforts will involve attempts to separate the anti-
progestational activity of these compounds from other hormonal activities.
Attempts to obtain antiprogestational agents as a consequence of irreversible
binding to uterine sex hormone receptors have shown that certain compounds
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(derivatives of norethindrone and norgestrel) with marked affinity for the

progesterone receptor also have high progestational activity and thus have no

practical utility as contraceptive agents.

The synthetic program aimed at the development of chemical contraceptive agents

for the male is expanding even though the complexity of the male reproductive

process suggests that this is an extremely difficult area of research. Sever-

al synthetic approaches are in. progress. One approach will involve hetero-

cyclic (non-steroidal) antispermatogenic agents; another approach involves

the pursuit of antiandrogens (unaccompanied by effects that reduce male libido)

the third approach involves the use of a potent orally active andorgen for

hormonal control of spermatogenesis. This latter approach would overcome

the undesirability of frequent injections of androgens such as testosterone

enanthate. The potent androgen to be studied is 7 ^-methyl-14-dehydro-19-
nortestosterone and it will be prepared in our Synthetic Chemical Facility

(see below) and then studied in monkeys.

A novel approach toward the development of new contraceptives is the synthesis

of inhibitors or blockers of the luteinizing hormone releasing factor (LRF)

.

Until recently the LRF antagonists available were moderately potent but short

acting and were capable of blocking (delaying) ovulation in rats at the low

doses employed. Very recently some very potent and longer acting antagonists

have been synthesized which are capable (in doses of 1-3 milligrams per rat)

of completely preventing ovulation. One of these analogs is being synthe-

sized in sufficient quantities for testing in primates.

Another development in the peptide area which could foreshadow anything

previously observed in the control of fertility was the isolation and identi-

fication (under a NICHD grant) and synthesis (under NICHD contract funds) of

a tetrapeptide which completely blocks ovulation in hamsters at extremely

low doses (1-2 /Jg'.) . The CDB testing facility is currently evaluating this

peptide in rats. If active, it will be tested in primates very soon there-

after. The mechanism of action in unknown at this time but the peptide is

unlikely to have the hormonal side effects associated with "the pill."

The prostaglandins have been shown to have a number of effects on the repro-

ductive process. Their utility in the primate as luteolytic agents is

equivocal and is due, at least in part, to undesirable side effects produced

by high doses of these drugs. The justification for our modest but continuing
synthetic program in this area is that an agent, luteolytic in the human and

devoid of undesirable side-effects (gastrointestinal disturbances) would be a

novel and desirable contraceptive agent. An attempt to effect such a separa-

tion of activities is the preparation of chemically modified analogs of

selected PCs. Several of these analogs show significant antifertility
activity but have much less smooth-muscle activity than the natural PCs. Two
of these analogs (13-dehydro PGF2(X and ent -13-dehydro-15-epi-PGF9<x,) have been
synthesized in gram quantities and are being evaluated as luteolytic agents
in baboons.

Synthetic Chemical Facility

During late FY 75 or early FY 76 a contract will be awarded to an organization
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capable of synthesizing specific compounds desired (required) by the CDB for
contraceptive investigation. This facility will give the CDB the flexibility
to rapidly implement ideas internally generated relating to the synthesis of
such compounds. For example, one of the first compounds to be synthesized in
this facility will be 50 grams of a potent, orally active androgen, 7c< -methyl-
14-dehydro-19-nortestosterone, to be subsequently evaluated in nonhuman
primates as a male antifertility agent.

Biological Drug Testing Program . Compounds prepared under the synthetic
program continue to be evaluated for biological activity at the Branch's drug
testing facility. Testing is individually tailored for each drug using in-
formation on compound structure and prior or anticipated biological action.
Compounds selected by CDB staff from a variety of sources are also screened
for hormonal and antifertility activity. Over 500 compounds and 5 drug
delivery systems have been evaluated in more than 1000 assays. Some 28,000
rats, 2000 hamsters, 3000 rabbits and 70 monkeys have been utilized in 35
different types of tests. Several important leads have accrued from this
testing program, one of which is undergoing evaluation in monkeys and
baboons. The primate facility currently houses 40 female and 8 male baboons
for our exclusive use.

Drug Delivery Systems

Research on new drug delivery systems continues to progress satisfactorily
with the generation of a great deal of valuable data. The emphasis of the
biodegradable polymer program for delivery of steroids has shifted from con-
trol by degradation rate to diffusion control. As a result, the design of
the devices is changing from drug dispersal in a polymer matrix to hollow
cylinders. Promising poljrmers being explored with these devices are poly-
peptide compositions such as leucine/glutamic acid copolymers and polyesters
such as polycaprolactone, polylactic acid and their copolymers. Micro-
spheres of progesterones encapsulated with poly-L- lactic acid have now been
made using a f luidized-bed coating technique (Wurster process). All three
systems have achieved reasonsable release rates J^ vitro and preliminary
in vivo studies are also encouraging. The objective is to obtain constant
release rate for six months to one year without significant loss of coating
integrity until the drug is exhausted, after which the containing polymer
would be completely absorbed.

Quite different requirements must be met for another biodegradable drug
delivery system which is to be used to delivery silver ions into the Fallopian
tubes for chemical cauterization to achieve tubal occlusion. Current
approaches to this problem include the use of a two-component system which is
mixed just prior to delivery to the oviduct to produce a semi-sclid gel which
will conform to the interior surfaces of the tube. After delivary of the
silver ions, the gel will be absorbed to allow tissue ingrowth and occlusion.

Two nonbiodegradable delivery systems for steroids are currently under
development. The local contraceptive effectiveness of estricl was demon-
strated in rabbits when administered from an intrauterine device. Baboon
studies have revealed no stimulatory effects of the estriol on the uterine
endometrium at doses up to 12.5^g/day although these doses did cause stimu-
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latory changes in the cervical and vaginal mucosa, cervical mucus secretion
and on the sex skin. Effectiveness studies are currently under way.

Devices for the intracervical release of D-norgestrel have been designed and
prototypes constructed. In vitro release rate studies of these silicone
rubber and polypropylene devices are continuing and _in vivo studies in
rabbits will start soon.

Development of Sterilization Techniques (Male)

Studies utilizing a flexible, absorbable polyester stent for reversal of
vasectomy have provided useful data. Rhesus monkeys vasectomized for three
months were vasovasotomized with absorbable stents. After a month of healing,
sperm count and motility return to pre-vasectomy levels, and these animals
were capable to effecting pregnancies. In control animals vasovasotomized
by classical surgical methods, only one, to date, has shown a return to nor-
mal sperm count. Successful vasovasotomy of animals vasectomized for longer
periods of time still need to be investigated.

Two types of devices to produce reversible vasectomy have been developed: (1)
soft-silicone subber shuttle-stem valve, and (2) silastic-silicone rubber
covered with dacron fibers. These devices are presently undergoing testing
in dogs and monkeys, respectively. While monkey data are not as yet avail-
able, the results in dogs have been most encouraging. Azoospermia occurs
when devices are inserted in the "close"position, and sperm reappear when
the device is opened. After varying intervals of close-open sequences,
animals mated to female dogs have effected pregnancies.

Development of Sterilization Techniques (Female)

Initial studies designed to evaluate the clinical utility of a steerable
hysteroscope have been completed in 20 women. No untoward reactions or
complications were observed. The openings of the oviducts into the uterus
could be identified in a number of cases; uterine pathology, low expansion
pressures and early prototype instrument design accounting for the majority
of failures. As a result of these and parallel studies in baboons, the

contractor has fabricated an instrument incorporating a number of advance-
ments over earlier prototypes. These features include both gas and liquid
sterilizability, reduced instrument weight, enhanced steerability, improved
optical and valving components and a new soft cervical seal. A comparative
study of this advanced prototype and commercially available rigid instruments
will be undertaken at five separate hospitals in the near future.

The study of cured ^ situ silastic rubber as a method of tubal blockage has

been temporarily suspended because of administrative difficulties.

Clinical Studies (Female)

Studies on the safety and efficacy of ethynyl estradiol and f-onjugated natural

estrogens as postcoital contraceptive agents have been completed in over 500

subjects at four widely distributed clinics in the U.S. These trials will
continue until approximately 2000 cases for each drug have been accumulated.
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As expected, the efficacy of these drugs is excellent. Only two pregnancies

have been reported and both of these occurred in women who began medication

with ethynyl estradiol between 48 and 72 hours following exposure. This may

indicate the need to institute treatment within 48 hours of coitus for

maximum contraceptive efficacy. No major side effects have been encountered.

The incidence of nausea and vomiting continues to be high but can be controlled

satisfactorily with antiemetics. The most common problem encountered has

been abnormal menses in the treated cycle.

The clinical trial of a fluid-filled soft intrauterine device (lUD) in 300

women has been completed. Although the device has exhibited a number of

desirable clinical features its expulsion rates are too high to make it

usful in large scale trials.

Administrative details leading to phase I clinical investigation of norethin-

drone enanthate as a long-term injectable contraceptive agent are nearly

complete and hopefully, the actual studies will be initiated during the

next fiscal year.

Clinical Studies (Male)

In recently completed studies, it was demonstrated that severe oligospermia

or azoospermia could be induced in men with daily ingestion of Danazol plus

once-a-month injection of testosterone enanthate. Recently, additional

studies have been initiated to determine whether or not drug burden upon

the body can be lessened by spacing Danazol administration and still main-

tain effective spermatogenesis inhibition. It is still too early to evalu-

ate the new regimen. Additional clinical trials aimed at the evaluation of

testosterone enanthate alone as a method for producing reversible azoospermia

in men are currently under administrative review.

Hormone Distribution Program

The present hormone distribution program, in cooperation with the NIAMDD,
has supplied significant quantities of hCG and its subunits to the scientific
community. Additionally, hCG and its subunits were contributed to the World
Health Organization for an international standard. These particular materials
are being utilized for a A^ariety of basic and applied studies aimed at better
understanding of reproductive, contraceptive and immunological processes.
Two other hormones being made available through this program are ovine LH
subunits and LRF. During the past year we began the distribution of a kit
for the accurate diagnosis of pregnancy in a variety of nonhuman primates.
This kit was developed through the collaborative efforts of the Reproduction
Research Branch and Ortho Diagnostics. Its utility for basic reproduction
studies and for evaluation of contraceptive drugs has been confirmed. Over

|

100 of these kits, 50 assays/kit, have been distributed during the past
fiscal year.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Detection of Ovulation in Chronically Instrumented Animals

Contractor: University of Washington (NOl-HD-3-2791)
Money Allocated: $45,600 (FY 7.2), $118,308 (FY 73), $188,200 (FY 74 - for

two years)

Objectives : The objective of this research is to devise a technique for

sensing the arrival of the cumulus mass in the ampulla. The arrival of the

cumulus in the ampulla so closely follows the rupture of the ovarian follicle

that the detection of such an event would serve as detection of ovulation.

The research would be initially performed employing acute (open dish) prepa-

rations and subsequently chronic preparations would be employed. The initial

objective was to utilize the ultrasonic transduction as a method for cumulus
mass detection. Because of a number of technical problems with ultrasound,
the use of optical transducers is being investigated.

Major Findings ; An implantable optical densitometer has been developed for
ovulation detection in animals and has been evaluated in anesthetized rabbits

whose oviducts were exposed for observation and subsequently tested success-
fully in chronically instrumented rabbits. Applied extraluminally to the
oviduct, it senses the passage of a naturally ovulated egg-in-cumulus through
the ampulla as an easily distinguishable transient increase (up to 25%) in
light transmittance. Under optimum conditions the optical technique has given
better than 90% accuracy in cumulus egg mass detection. We have found that

arranging the photosensors in a circimiferential array and placing the trans-
ducer near the abdominal ostium of the tube have substantially enhanced the
reliability of detection. Improved encapsulation techniques have extended
the implantable lifetime of the optical cuff for as long as three months.
Instrumented rabbits, when mated, gave birth to normal litters demonstrating
that reproductive function was not interfered with.

In anesthetized open abdomen monkey experiments, cimiulus egg mass detection
was remarkably similar to that in rabbits. A pig-tailed monkey has been
chronically instrumented with optical transducers and a back pack RF telemetry
system for the purpose of further ovulation detection evaluation in this
species.

Significance to Biomedical Research and Program of the Institute : Accurate
determination of the time of ovulation is of primary interest to the program
of the Contraceptive Development Branch. It may play an important role in
devising strategies for natural family planning.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral
part of the contraceptive development program.
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NICHD ANMJAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title:

Contractor:

Money Allocated:

Development of Techniques for the Detection of

Ovulation in the Primates
Illinois Institute of Technology Research Institute
(NOl-HD- 3-2798)

$83,035 (FY 73); $15,003 (FY 74)

Objectives : The objective of this research is to develop a simple assay
system for impending ovulation based on changes in the chemical nature of
vaginal fluids. The research is based on the hypothesis that high levels
of estrogens that are observed prior to ovulation change the metabolic
pattern of the vagina and that a careful study of metabolic products may
reveal a predictable pattern useful for ovulation ascertainment.

Major Findings : The contractor has developed gas chromatographic procedures
for the identification and quantification of volatile fatty acids in vaginal
emanation. Results from a small sample of normal women volunteers indicate
that peaks of volatile fatty excretion occur peri-ovulatory, and thus at
this time, the data are somewhat equivocal.

Significance to Biomedical Research and Program of the Institute :

Development of simple and reliable methods of ovulation detection which
can be useful in fertility regulation is directly related to the stated
objectives of the Contraceptive Development Branch.

i

Proposed Course :

obtained.
Discontinuation. Only equivocal data have been
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Development of Techniques for Study of Oviduct Transport
and Detection of Ovulation in Primates

Contractor: Case Western Reserve University (NOl-HD-2-2764)
Money Allocated: $123,026 (FY 72 - two years), $7,850 (FY 74)

Objectives : It is proposed to investigate the possibility of developing
microelectronic sensors and radio-telemetry systems which can be totally
implanted in the experimental animal to record several selected parameters
believed to be related to ovulation. The proposed telemetry system will
measure transovarian impedance, ovarian tubal impedance, ovarian size,

ovarian temperature, and body core temperature. Other parameters, such as

pressure, tubal motility and the electrical potential, could be telemetered
with the same systems. The electrical impedance measurements are unique and

have not been previously studied for the ovary, although the method has been
successfully used in detecting changes in anatomical structure and histologic
changes such as edema and hyperemia. It is believed that the transovarian

electrical impedance changes will be easily seen through the ovarian cycle

due to follicular growth and atresia. The follicular fluid in the growing
follicle is isotonic with serum and therefore a good electrolyte so that the

ovarian impedance will be low at the time of ovulation. During ovulation,

when the follicle ruptures, there should be a sharp increase in electrical
impedance. Following ovulation, when the ruptured follicle forms a corpus

luteum, there should be a second increase in impedance. Correlative measure-
ments of gonadotropin levels and basal body temperatures will be the indices

of ovulation. In addition, measurement of ovarian temperature as compared

to body core temperature will be carried out and it is expected that the

differential between these two temperatures will increase during the follicu-

lar stage to the point of ovulation, whereupon the body temperature will

rise, reducing the differential. For this project it is proposed to use

telemetry systems previously developed in this laboratory and to modify them

with special attention to the design and modification of transducers for this

project.

Maj or Findings ; Measurement of impedance changes from contracting rabbit ovi-

ducts has been accomplished. Impedance increased during contraction and

decreased during relaxation. When stained cumulus masses were passed through

the oviduct there was some baseline shift in impedance, but the amplitude of

this variation was of the same order as the variations caused by normal ovi-

ductal activity. In chronic preparations impedance changes could not be

correlated with ovum transport.

Significance of Biomedical Research and Program of the Institute ; Accurate

determination of the time of ovulation is of primary interest to the program

of the Contraceptive Development Branch.

Proposed Course : Terminated.
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NICHD ANNUAL REPORT

July 1, 197^+ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title
Contractor
Money Allocated

Saliva Tests for Ovulation
Mount Sinai School of Medicine

$61,637 (FY 75)

Objectives : The purpose of the proposed research is to study sialic acid

concentrations in saliva and the degree of "ferning" of saliva as indicators

of ovulation. Preliminary evidence indicates that sialic acid concentration

begins to decrease one to two days before ovulation, and that saliva shows

maximum ferning (dendritic growth of NaCl induced by particular mucopoly-

saccharides) at ovulation if NaCl is added to saliva. It is hoped that from
this study will evolve a simple means whereby a woman can, by herself,

predict her time of ovulation.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose
of the Contraceptive Development Branch to support research directed towards

development of new female methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part

of the contraceptive development program.

I

«
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NICHD ANNUAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title
Contractor
Money Allocated.

Detection of Ovulation by a Steroid Indicator
The Abraham Lincoln School of Medicine
$1+0,932 (FY 75)

Objectives : The proposed study is designed to test the effectiveness of an

indicator designed to ascertain the occurrence of ovulation in women. The
indicator will detect semiquantitatively the postovulatory rise in either
progesterone or a progesterone metabolite in saliva or pregnanediol-3-
glucuronide in urine.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to support research directed towards
development of new female methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part
of the contraceptive development program.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: An Interdisciplinary Program Project on the Biology of

the Oviduct and Gamete Transport
Contractor: University of Washington School of Medicine (NOl-HD-3-2788)
Money Allocated: $192,490 (FY 70), $177,734 (FY 71), $177,734 (FY 72),

$402,801 (FY 73 for two years), $220,000 (FY 75)

Objectives : This is a comprehensive interdisciplinary program project on the
basic biology, physiology, and endocrinology, of oviductal function in rabbits

j

and monkeys. Four different specific aims are enumerated: (1) development of
j

miniature sensing devices and telemetry equipment that will permit study of i

the normal activity of the oviduct in unanesthetized, unrestrained rabbits '

and monkeys; (2) investigation of intrinsic innervation, pharmacological
responses, and the possible role of pacemakers in oviduct function; (3) ultra-
structural studies of the epithelium and musculature under different physio-
logical conditions, and (4) studies of the mechanism of sperm transport through 1

the oviducts. i

Major Findings :

1. Optical transducers were utilized for the measurement of oviductal
|

contractility. The depressive effect of prostaglandins (PGE2) on
J

ampullary and isthmic contractility in the chronically instrumented A
rabbits was the same as in open dish preparations. Isoproterenol i

blocked ampullary contractility but was without effect on cumulus
mass transport. 1

2. In both the human and macaque oviducts, ciliary activity was clearly
demonstrable on the fimbria, but was most pronounced in the ampulla.
In the isthmus, transport of particulate matter became very slow.

Particular attention was paid to this area in order to detect any
evidence of upward ciliary currents, directed toward the ovarian end, i

as have been demonstrated in pig and rabbit oviducts but no sign of

such activity was seen. Transport was consistently toward the uterine
j

end in all regions of the oviducts . I

I

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support research on the various
functions of the oviduct which are responsible for gamete transport and
survival, fertilization, and transport of the fertilized egg to the uterus. m'

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part
of the contraceptive development program.
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NICHD ANMJAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Physiology of the Oviduct

Contractor: Stanford University Medical School (NOl-HD-3-2774)

Money Allocated: $91,585 (FY 70), $10,000 (FY 71), $141,864 (FY 72)

$112,458 (FY 73), $134,462 (FY 74), $133,953 (FY 75)

Objectives : The objective of this investigation is to develop electrodes,

tranducers and other instrumentation for study of electrical, mechanical,

pressure, and flow phenomena and to use these instruments to investigate

the functional properties of the muscle coat of the oviduct (1) as small

segments in the tissue bath, (2) in isolated organs and (3) in the intact

subject. By determining changes in properties of the oviductal muscles as

a function of hormonal environment, knowledge will be sought as to the mech-

anisms which control oviduct function.

These studies will involve measurements of the electrical and contractile

behavior of oviductal tissue using excised oviducts of rabbit and man, at

various stages of the reproductive cycle. Studies of pacemaker activity,

the interrelationship of electrical activity from one area to another, cor-

relation of electrical and mechanical activities, and intraluminal pressure

changes will be conducted. The final phases of the study will involve the

measurement of these functions in intact, free-roaming animals.

Major Findings : Approximately 50 force transducers have been implanted in

rabbits either singly or in pairs. Paired implants have been subjected to

cross spectral analysis to separate oviductal contraction from external arti-

facts. When two transducers have been implanted on the same oviduct, analysis

of phase lag has yielded information on wave origin and propagation. Time

series analysis has proven helpful in following experiments in which ovulation

has been induced with injections of hCG.

Improved transducer design includes new methods of lead attachment and new

coating techniques. Although the longest implant survival to date has been

52 days, considerable improvement is anticipated.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to encourage scientists from other
disciplines to apply their unique skills to studies of reproductive function.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part
of the contraceptive development program.
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NICHD AMNUAL REPORT

July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : A Bioengineering Approach to the Study of Tubal
Activity and Contraception

Contractor : Drexel Institute of Technology (NOl-HD-9-2189)

Money Allocated : $ll6,i+56 (FY 69), $38,it37 (FY 70), $7,688 (FY 71),

$61+, 893 (FY 72), $111,71+2 (FY 73), $131,132 (FY 7^)

Objectives : The objective of this program is to determine patterns of ovi-

ductal motility at various stages of the menstrual cycle, the influence of

exogenous hormones on this pattern and the contribution of oviductal contrac-
tions to gamete transport. Inherent in these objectives is the development
of suitable transducers and -telemetry eq_uipment to permit the uninterrupted
acquisition of data in unrestrained monkeys. _.

-

Major Findings : With the finalized instrumentation and data analysis fully
proven in several years of experience, data has been collected during the
present year from 2k monkey ovarian cycles under 8 different experimental
sets. The data includes telemetered oviduct contractility, plasma steroids
and vaginal cytology. Five different parameters of oviduct contractility at
h temporal intervals related to the menstrual cycle have been studied.

Analysis of data from ovulatory cycles indicates a trend for contractile
force magnitudes to diminish at the presinned time of ovulation irrespective
of whether ovulation was spontaneous or induced. Anovulatory cycles were
generally characterized by variability in contractile diju-ation, muscular
effort, intercontraction interval and frequency. Patterns of activity at
midcycle were dissimilar to those observed in ovulatory cycles.

The administration of estrogen was associated with peaks in contractile
magnitudes and expended muscular effort. The induction of anovulatory
cycles by long acting estrogen and for progestin produced a variability in
contractile parameters and a generally lower average contractile frequency.

Significance to Biomedical Research and Program of the Institute : This work
may help to explain the role of oviductal motility in the reproductive process
and the manner by which modifications in the normal sequence of estrogen/
progesterone ratios alters fertility. As such, this project is directly
related to the stated goals of the Contraceptive Development Branch.

Proposed Course : It is anticipated that the contractor will complete the
acquisition and analysis of data originally proposed within the present
contract period. No further support is planned.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Oviductal Fluid in the Rat and Mouse: A Study of the Chemical
and Physical Properties and Mechanism of Formation

Contractor: The Johns Hopkins University (NOl-HD-3-2795)
Money Allocated: $46,014 (FY 73), $58,853 (FY 74)

Objectives : The objectives of this research are: (1) to develop methods for
the in vivo collection of oviductal fluid from the rat and mouse; (2) to

establish the micro-and ultra-micro chemical techniques required for the
analysis of the oviductal fluid; and (3) through the use of these techniques,
to determine the chemical and physical properties and rate of formation of
oviductal fluid throughout the estrous cycle, and to evaluate the influence
of a changing hormonal environment on the formation of oviductal fluid in

the two species.

Major Findings :

1) The osmolality of oviductal fluid does not differ significantly from that
in simultaneously collected arterial plasma at any stage of the estrous cycle.
Also, the mean values for arterial plasma and oviductal fluid osmolality do
not differ significantly during the estrous cycle. The mean value for all
plasma determinations, 289 mOsm/Kg H2O, is in good agreement with the value
of 294 mOsm/Kg H2O reported previously for the rat. These results are not in
complete agreement with the preliminary data reported previously. This is
thought to be the result of improvements in both the analytical method and
the stability of the animal preparation.

2) There is no difference between the rate of formation of oviductal fluid
during proestrus (75±9 nl/min) and estrus (73±8 nl/min) . The rate during
diestrus (53+5 nl/min) is significantly less than that during either pro-
estrus or estrus (P<0.05).

3) It has been demonstrated, using fluid formation as the criterion, that an
in vitro oviduct preparation is viable and capable of fluid secretion for
several hours in a defined incubation medium. It is proposed that this pre-
paration be used to study the mechanisms of formation of oviductal fluid.

Significance to Biomedical Research and Program of the Institute : The prac-
tical implications of the results of this approach are clearly related to the
development of contraceptive methods based on alterations of oviductal
function and thus to the stated goals of the program.

Proposed Course : Support for this contract was discontinued.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Immunopharmacology of the Human Fallopian Tube

Contractor: Stanford University (NOl-HD-3-2775)

Money Allocated: $40,793 (FY 70), $79,881 (FY 71), $91,602 (FY 72),

$270,622 (FY 73 for two years), $162,000 (FY 75)

Objectives : The work to be carried out under this contract involves two

aspects of oviductal physiology: (1) characterization of the permeability and

transport characteristics of oviductal epithelium; and (2) characterization

and quantitation of the oviductal response to the anaphylactic reaction between

an antigen and the specific antibody bound to oviductal cells. Work will be

carried out in laboratory animal and human oviductal tissue, in vitro .

Major Findings : Human tubes contain IgG, IgA, IgM and can be sensitized with
IgE (myeloma) and monkey anti-Pen KLH; when challenged with optimal ratios of

the corresponding goat or rabbit antibodies they release histamine, prosta-

glandin and, possibly, SRSA. They cannot be sensitized with rabbit or guinea

pig immunoglobulins. Tissues of both species reacted anaphylactically to pre-

formed soluble (12. 7S) complexes of IgG— (rabbit) antihuman IgG. Cytological

evidence based on orthrophthalaldehyde staining identified tissue mast cells

in oviducts of both species as being primary sources of histamine liberated,

and a sequence of steps in the time-course of the degranulation reaction to

Ag/Ab was shown. Sex steroids affect the tissue receptors necessary for the

fixation of Ab , but not the Ab combining site. There was a fall of cAMP in

atria and an abortive rise in oviducts response to challenge, independent of

hormone treatment. A study of the effects of estradiol and progesterone in

(a) castrated and uncastrated females and in (b) castrated males over nine-
week schedules showed little effect on the males but in both castrated and

uncastrated females estradiol potentiates the precipitating and complement

titers to pen (GP)yG. When estradiol was given at successively later stages

in the time-course the principal influence was in the deceleration of the

disappearance rate of antibody after inoculation had been terminated.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support innovative studies on the

physiological and pharmacological properties of laboratory animal and human
oviductal tissue.

Proposed Course : This contract is recommended for terminal year of support.
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 197k through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Oviduct Cilia: Structure, Function, Development
University of California (NOl-HD-3-2729)
$3^,3^3 (FY 70), $9,097 (FY 7l), $35,038 (FY 12]

$29,138 (FY 73), $30,63U (FY 7^), $2,100 (FY 75)

Ob.iectives : The stroke form and fine structure of oviductal cilia is to be
explored using techniques previously applied to mussel gill cilia. The aim
is to provide information on the beat mechanism of oviductal cilia and to
evaluate the influence of various agents on the mechanism. Techniques to be
employed in these studies include high-speed cinematography, electron micro-
scopy, and serial-section analysis of stroke form and top structure. An
attempt will be made to integrate this information into a unified theory of
ciliary beat based on the interaction of various ciliary organelles.

Major Findings : Both by transmission and scanning electron microscopy it was
demonstrated that oviductal cilia, obtained from a large number of premeno-
pausal and post-menopausal women, appear to be actively beating. This is

true, although many of the specimens were not fixed immediately after surgery.
Transmission electron microscopy has shown that there is little morphological
difference between the ciliated epithelium from pre- and postmenopausal women.
An extensive and complex striated rootlet system is present at the bases of
all ciliary basal bodies. This may be involved in an anchoring mechanism
necessary for the active and coordinated beat of cilia. Scanning electron
microscopy makes fairly evident the greater amount of ciliated cell packing
in premenopausal women as contrasted with postmenopausal women. That is,

there are more extensive areas of tightly packed ciliated cells in younger
than in older women, although the ciliated cells in postmenopausal women
cannot be distinguished from those of younger women.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support studies of the mechanism of
action of oviductal cilia and their role in gamete transport.

Proposed Course : The major objectives of this program were completed within
this contract period.
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NICHD ANNUAL REPORT
July 1, 1973 through June 30, 1974

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Ultrastructural Studies on the Oviduct of the Intact

Normal, the Ovariectomized and Ovariectomized-Hormone
Treated Rabbit and Pig-Tailed Monkey, Macaca-Nemestrina

Contractor: Medical College of Virginia (NOl-HD-O-2142)

Money Allocated: $13,195 (FY 70); $9,200 (FY 71); $15,190 (FY 72);
$18,760 (FY 73); $7,493 (FY 74); $2,253 (FY 75)

Objectives: The research conducted during the last contract period had

as its objective the study of the ultrastructure of oviductal epithelium
in the pig-tailed monkey.

Major Findings : Tissue was taken from most of the cycling animals
shortly before or after ovulation. The percent of ciliated cells in 12

of the 15 animals ranged between 37.3 and 52.6 (average of 50.5) and
that of non-ciliated, between 40.7 and 50.7 (average of 46.3). However,
in 3 cycling animals non-ciliated cells predominated, ranging between
51.6 and 89% and ciliated cells ranged between 6.7 and 34.7%. In 2 of

the latter, although the percent of non-ciliated cells was high, there
were no appreciable numbers of cells in stages of ciliogenesis.

There are several interesting preliminary observations on the secretory
cells of the ampullae. In many of the animals so far studied the ampullary
cells have more and larger secretory granules and the lamellar type is
much more abundant than in the fimbriae. However, in the ampullae of
estradiol-treated animals, only the dense or moderately dense homogeneous
type of granule was present. Many of the cells of the ampullae, but
usually not of the fimbriae, also have varying numbers of 2 types of
vacuoles. One type contains a light granular or flocculent matrix and
the second had short filaments similar to the lamellae of the third type
of granule, lying in an electron-lucent matrix.

Significance to Biomedical Research and Program of the Institute : The
work undertaken in this project is directly related to the published
purpose of the Contraceptive Development Branch to support studies of
the ultrastructure of the mammalian oviduct and its responses to changes
in the hormonal environment.

Proposed Course : Since the major objectives of this contract have been
achieved support was discontinued.
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Contract Title
Contractor
Money Allocated

NICHD MNUAL REPORT

July 1, 197^ through J-one 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Steroid Hormone Receptors in Human Cervix (NOl-HD- 3-2779)

The University of Texas Medical School at Houston

$71,981 (FY 73 for 2 years), $^7,653 (FY 75),

$52,39^ (FY 76)

Ob,1ectives : The investigator proposes to: (l) establish the existence of

specific cytoplasmic estradiol and progesterone receptors in human cervical

tissue; (2) show that these receptors are functionally similar to those

obtained from other target tissues; (3) study the number of cytoplasmic recep-

tor sites and/or their degree of saturation as a function of cycle stage and

hormone environment in individual patients.

Major Findings : The program to date has been an effort to identify, character-

ize and quantify the cytoplasmic estradiol and progesterone receptors of the

human cervix, and to determine whether the quantities of such receptors are

influenced by hormonal changes during the menstrual cycle. In the cervix,

total and available sites were often identical. Cervical tissue has consid-

erably fewer binding sites than endometrium even in the coliimnar epithelium

of the cervix, where most of the receptors are found.

The cervical estradiol receptor migrates as anSl+S molecule in both low and

high salt sucrose gradients, unlike the endometrial E2 receptor which migrates

as a 5-8S "aggregate" in low salt. Otherwise, the specificity, Ka and T1/2

are similar to those reported for cytoplasmic estradiol receptors of other

target organs. There were no dramatic differences found in the number of

E2 binding sites in the cervix during the menstrual cycle. The data did show

significantly more E2 binding present in the cervix during the follicular

phase, but only if it were expressed per gram wet weight. A higher number of

E2 binding sites during the follicular phase was found in endometrium; these

data were significantly different when calculated either per mg protein or

per g wet weight

.

Assay techniques were modified for the determination of the number of cyto-

plasmic progesterone binding sites; Cortisol was included to reduce the contri-

bution of CBG to Pi| binding in the saturation assay; the exchange assay was

run at IQOC (rather than 26oC) because of the instability of the Pi^ receptor.

Essentially, no difference was found between the number of total and available

binding sites for PI4 in either cervical or endometrial cytosols.

The concentration of cervical progesterone binding sites was significantly

higher in the follicular p'hase whether expressed per mg protein, per mg DM
or per g wet weight.

Significance to Biomedical Research and Program of the Institute : The charac-

terization of hormone receptor complexes in human cervix is directly related

to the published purpose of the Contraceptive Development Branch to support

studies directed towards the development of new female contraceptives.
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Proposed Course : This is a continuing contractual effort leading to the

development of new contraceptives and is an integral part of the contraceptive
development program.

I

1

«
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NICHD MNUAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Sex Hormone Receptors in the Cervix and Cervical
Response to Sex Hormones

Contractor : The Albany Medical College (NOl-HD-U-2825)
Money Allocated : $82,U00 (FY 7^) 2 years

Ob.iectives : The investigator proposed to investigate some of the parameters
of cervical biology that intervene between the arrival of plasma-borne estro-

gen and progestin molecules at the boundary of cervical secretory cells and

the response of those cells. The properties and the concentration of the

cytoplasmic estrogen receptor and progesterone receptor proteins of human
cervical tissue will be determined.

Major Findings : The addition of progesterone to estrous rabbit uterine cyto-

sol incubations , while causing no change in the concentration of estrogen

receptor assayed, produces a substantial decrease in its affinity constant for

estrogen. The affinity constant for estrogen receptor in pseudopregnant

rabbit uterine cytosol also is lowered, to a degree consonant with the concen-

tration of progesterone in that cytosol as determined by radioligand assay.

Significance to Biomedical Research and Program of the Institute : The

characterization of hormone receptor complexes in human cervix is directly

related to the published purpose of the Contraceptive Development Branch to

support studies directed towards the development of new female contraceptives.

Proposed Course : This is a continuing contractual effort leading to the

development of new contraceptives and is an integral part of the contraceptive

development program.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Studies on Sperm Transport Through the Cervix

Contractor: University of Washington (NOl-HD-4-2826)

Money Allocated: $53,955 (FY 74) for two years

Objectives : The objectives of this research are to explore the mechanisms of

sperm penetration through the cervical mucus both in vitro and in vivo and to

explore whether sperm penetration can be incluenced by a variety of chemical
approaches

.

1. In vivo observations have shown that sperm are transported through the

cervix by small quantities of the vaginal contents being catapulted
through the cervical canals en masse. A variety of indirect study methods
have clearly defined that sperm did not pass through the cervical canals
of the rabbit by their own flagellation. At present, it appears certain
that the sperm transport through the cervix of the rabbit is accomplished
by means quite different than that employed in the human and cow. At
present the rabbit cervix cannot be used as a model to study methods of

modifying of sperm transport in the human.

2. Studies on the so-called "Basal" cells of the cervix . It is concluded
from this study that the "basal" or "indifferent" cells of the rabbit
endocervix are lymphoid cells . They lack the structural features of

epithelial cells; they are organelle-poor , lack junctional complexes and
have pseiidopodia. Cells having the same ultrastructure are noted also in
the connective tissue. They are similar to intravascular lymphocytes,
but are usually larger. They do not appear to undergo mitotic division
even after estrogen treatment.

Significance to Biomedical Research and Program of the Institute : Research
dealing with sperm transport through the female reproductive tract is essen-
tial for the formulation of new methods of fertility regulation and is
directly related to the mission of the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part
of the contraceptive development program.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: An Investigation of Estrogen and Progesterone Protein

Receptors in the Uterine Cervix During the Menstrual

Cycle: Their Function in the Control of the Chemical

and Physical Properties of the Cervical Mucus

Contractor: Emory University School of Medicine (NOl-HD-4-2837)

Money Allocated: $108,782 (FY 74) for two years

Objectives : The main objective of this research program is to investigate

the mechanisms through which changes in the circulating levels of ovarian

hormones influence the physiology of the cervix. In order to accomplish this

task the contractor will examine the characteristics of cervical hormone

receptors during the menstrual cycle and attempt to relate them to the changes

in cervical histology, cervical mucus properties and endogenous levels of

ovarian hormones.

Major Findings : Cervical mucus have been collected from chimpanzees at

various stages of the menstrual cycle, and the elemental composition of the

crystalline and noncrystalline fractions recorded. The mucus was evaluated

for volume, pH, spinnbarkeit and ferning, and a specimen for SEM/EDX placed

on a carbon or glass substrate. When glass is used it is possible to quan-

titate the degree of ferning with the light microscope prior to SEM/EDX, but

the background is potentially confusing for SEM/EDX due to the composition

of the glass.

The ratio or Na to K in the total sample changes during the cycle. Preliminary

data show a change in the ratio of Na/K from approximately 0.5 early in the

follicular phase to approximately 3.0 close to the time of ovulation. It is

planned to determine if similar changes occur in the human to check the rele-

vance of this finding in the chimpanzee. That this changing ratio may have

significance in the study of menstrual cycle physiology is suggested by the

finding that estrogenic stimulation of ovariectomized chimpanzees results in

a change in composition of the cervical mucus such that very small crystals

can be detected. These crystals appear as individuals and show no organiza-

tion into "ferns." Such crystals are exclusively KCl and very little, if

any, Na has been detected. The hypothetical connection of secretion of K

with estrogen stimulus is self-evident and this hypothesis will be detected

by treatment of ovariectomized animals with other steroids, alone, and in

combination with estrogen.

Significance to Biomedical Research and Program of the Institute : The under-

standing of factors which influence the physiochemlcal properties of cervical
mucus which in turn influence sperm penetration is directly related to the

objectives of the Contraceptive Development Branch.

Proposed Course ; This is expected to be a continuing contractual effort

leading to the development of new contraceptive approaches and is an integral

part of the contraceptive development program.
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NICHD ANNUAL REPORT
July 1, 19 7 A through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Biochemical Characteristics of Cervical Mucus of

Macaca radiata (Bonnet Monkey) during Menstrual Cycle.
Contractor: Harvard Medical School (N01-Hr)-4-2829)

Money Allocated: $194,012 (FY 74 for 3 years)

Objectives: The investigator proposes to ascertain the relationship between
the chemical structure of the macromolecular components of mucus and its

physical and physiological properties. The main macromolecular components
responsible for the viscoelastic properties of the mucus is a glycoprotoein,
the structure of which will be completely elucidated. An attempt will be
made to find changes of this structure during the menstrual cycle, in order
to establish the biochemical mechanism responsible for these changes and ways
of controlling it.

Major Findings: Mid-cycle mucus from bonnet monkeys has been collected
solubilized and subjected to preliminary analyses. The carbohydrate composi-
tirns of the major fractions separated on a liquid chromatography column have

been characterized.

In order to study the sequence of amino acids in the backbone, attempts are
being made to chemically remove the carbohydrate side chains.

Mucus is also being collected from the other phases of the cycle (during which
production is less) and when sufficient material is available, these samples
will also be analyzed in the same manner as the mid-cycle mucus.

Significance to Biomedical Research and Program of the Institute : The work
undertaken on this project will provide needed basic information about primate
cervical mucus, its glycoproteins, and changes which may take place during
the menstrual cycle and is related to the published purpose of the Contracep-
tive Development Branch to support studies directed towards the development
of new female contraceptives.

Proposed Course: This is a continuing contractual effort leading to the

development of new contraceptives and is an integral part of the contraceptive
development program.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Coordinated Approach to the Physicochemical
Characterization of Human Cervical Mucus

Contractor: University of Pennsylvania (NOl-HD-4-2838)
Money Allocated: $58,307 (FY 74), $81,371 (FY 75), $87,472 (FY 76)

Objectives : The investigator proposes to (1) study the role of pH,

ionic strength, and protein concentration in determining the rheological
properties of native and lyophilized cervical mucus from normally ovulating
women and infertile women; (2) interrelate rheological properties with
routine biological tests employed in the clinical evaluation of the
mucus and plasma levels of progesterone and estrogen; (3) establish
standard conditions for the reconstitution and study of pooled, lyophilized
cervical mucus fractions; and (4) evaluate the effect of various mucolytic
agents on the macromolecular composition and rheological properties of

cervical mucus, providing a molecular basis for mucin solubilization.

Major Findings : Rheological properties of 30 fresh cervical mucus
samples were determined using a microrheometer . The effects of solids
concentrations, pH and ionic strength have been examined.

Quick frozen samples (-78 C) can be reconstituted with minimal effect on

the viscoelastic properties. Several chemical approaches to solubilization
of both fresh and frozen mucus have been explored. Both urea and sodium
thiocyanate treatments gave relatively high though incomplete solubilization
of the mucin. The soluble material behaved qualitatively the same as

whole mucus.

Removal of sialic acid from solubilized mucin by neuraminidase resulted
in slight increases in elasticity and no change in the viscous component.
This suprising result has also been recently reported by other investiga-
tors working on tracheal mucus and bovine cervical mucus. Base elimina-

tion of oligosaccharide units in the presence of a reducing agent

destroyed all viscoelastic properties.

Significance to Biomedical Research and Program of the Institute : The

work undertaken on this project is important in understanding the bio-

physical and biochemical character of cervical mucus during normal and
abnormal menstrual cycles and is related to the published purpose of the

Contraceptive Development Branch to support studies directed towards the

development of new female contraceptives.

Proposed Course : This is a continuing contractual effort leading to the

development of new contraceptives and is an integral part of the contraceptive
development program.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Development of an In-vitro Model System for the Study
of the Dynamics of Sperm Transport through the Human
Cervical Canal.

Contractor: New York Medical College (NOl-HD-4-2847)
Money Allocated: $64,357 (FY 74) 1

Objectives : The aim of the project is to characterize and standardize a f

model system - the in-vitro human uterus-cervix-vagina preparation - in
|

order to determine the optimal in-vitro conditions for the study of the
j

dypamics of sperm transport through the human cervix. The ionic environ- I

ments involved will be studied by the use of different types of perfusion '

solutions in order to find the perfusion medium which most closely
resembles whole blood in terms of normal cervical function, such as

I

secretion and motility. The role of perfusion additives other than
j

ions, such as amino acids, glucose and lactate, and dextran, will be
determined. The optimal rate of perfusion will be found in terms of
normal motile function and maximal functional life in vitro. The physiology
and pharmacology of this model system will be studied by infusion techniques
as a method of comparing its in-vitro physiological behavior and pharmacological
responses to the reported behavior and responses of the human female
reproductive tract in situ.

Major Findings : 1) Sixteen preparations were used to study the effects
of ionic environment. The perfusion fluid, which is a balanced salt
solution (NaCl, 154mM; MgCl2, ^^'' ^^^' 5.6mM; Glucose, 2.7mM; CaCl2,
2.1mM; NaHC03, 5.9mM) based on Locke's classical in-vitro solution,

!

seems to provide the proper ionic environment both in terms of the !

specific ionic concentrations required for myometrial contractility and '

tissue viability and in terms of the ionic balance, particularly the
critical Calcium/Potassium ratio. 2) the optimal rate of perfusion in

]

this system has been determined to lie in the range of 8 to 11 ml/min i

with a perfusion pressure of 120 mm Hg. At this rate, the uterus gains
j

weight for 30 to 60 minutes and then stabilizes for the 4-hour experimental
j

period with a regular force and frequency of contraction. 3) Two populations
j

of wave forms are consistently observed — the low-frequency and high-
i

frequency wave forms — with the high-frequency wave component often
superimposed on the low-frequency wave component. 4) There is apparently

i

good correlation among the three types of measurements of uterine contraction -

isotonic shortening, intracavitary pressure change, and intramyometrial
jpressure change. 5) the influence of stage of the menstrual cycle can d

be demonstrated with uteri in the proliferative stage having the highest
frequency of contraction. 6) The cervical mucus in these preparations
has been observed and monitored during the course of the experiments.
The mucus remains in place in the cervix over a 4 to 8-hour period with
only a very slow and slight tendency to flow down along the intracavitary
catheter that traverses the cervix.

f
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Significance to Biomedical Research and Program of the Institute ; The work
undertaken on this project is important in understanding the dynamics of

sperm transport through the cervix and into the uterus, and is related to

the goals of the program aimed towards the development of new contraceptive
technology.

Proposed Course : Discontinuation. The study will be completed by the end

of the contract period.
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 197it through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Sperm Antibody Activity in Cervical Mucus of Women
New York Medical College (NOl-HD-4-2824)

$61,217 (FY Ik), $67,595 (FY 75), $70,663 (FY 76)

iObjectives : It is proposed to study sperm agglutinating and speriri immobili-
zing antibodies and immunoglobulins in the cervical mucus of women with
infertility problems and in control samples from normal women, and to improve!

the sperm antibody detection in these secretions. In all cases, the blood
serum will be evaluated for the presence of agglutinating antibodies and
correlated with the level of estradiol. Immobilization techniques and
fluorescent antibody techniques will be further perfected and the agglutin-
ation methods adapted to a microscale. The preparation of soluble antigens
from spermatozoa is planned in order to develop precipitation methods with
their antigens as a means of improving sperm specific antibody detection in .

cervical mucus.

Major Findings : Since the beginning of this project a large n\imber of women
with problems of unexplained infertility has been examined. From each woman,
samples of blood and of cervical mucus were obtained. These materials have
been examined for the presence of antibodies which can cause the agglutinatioi
or the immobilization of hirnian spermatozoa, and which might therefore inter-
fere with the normal process of fertilization. Approximately 30^ of the
women had such antibodies in their blood serum. In contrast, a group o

women of proven fertility showed that only 3% were positive for spermagg
tinating antibodies in their blood serum.

Df 113
au-

I

When extracts of the cervical mucus samples from the infertile women were
examined, 53^ were found to contain either spermagglutinating or sperm- 1

immobilizing antibodies. Since the spermatozoa must traverse the cervical
mucus during the normal reproductive process, the presence of these antibodie^
in this material has obvious implications in infertility problems — more so

]

than the presence of antibodies in the blood.

Significance to Biomedical Research and Program of the Institute : The
j

improvement of sperm specific antibody detection in cervical mucus and the
|

study of sperm antibodies and immunoglobulins in human cervical mucus is

related to the goals of the program aimed towards the development of new
contraceptive technology.

Proposed Course : This is expected to be a continuing contractual effort
|

leading toward the development of new contraceptives and is an integral '

part of the contraceptive development program.

C
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Development of a Laboratory Screening Procedure for
Inhibitors of Progesterone Synthesis

Contractor: Harvard University (NOl-HD-0-2319)
Money Allocated: $45,120 (FY 70), $45,500 (FY 71), $83,567 (FY 72)

$181,982 (FY 74 for two years)

Objectives : The objective of this contract is to define and evaluate agents
which interfere with the enzymatic synthesis of progesterone in the corpus
luteum. Specifically, the contract concerns the possibility of finding sub-
stances which are specific inhibitors of the mitochondrial system which
converts cholesterol to pregnenolone; specifically, substances which act at
the cytochrome P-450 site. It is suggested that substances exist which act
specifically at this site and are non-toxic; such substances would be poten-
tial antif ertility agents.

The immediate objective of this contract is to devise a convenient and
relatively rapid screening procedure which will enable the prediction and
preparation of substances which would be biologically effective for induction
of luteolysis.

Major Findings :

1. Spectroscopic evidence of Type II ligand-binding to cytochrome P-450
associated with cholesterol cleavage parallels the inhibitory activity
of the ligands.

2. Structure-activity analysis of aminoglutethimide congeners demonstrate
that the steroidogenic inhibitory potency can be separated from the

sedative side effects. The functional groups for each activity have
been identified.

3. Potent reverse Type I inhibitors have been identified. They are expected
to have little or no inhibitory effects on other cytochrome P-450s

.

4. An "in vivo " bioassay for luteolytic substances has been demonstrated to

be feasible.

5. In early trials on the baboon, pregnancy was interrupted in several animals

after the administration of aminoglutethimide.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support development of laboratory
screening procedures for the identification of progesterone biosynthesis
inhibitors.

Proposed Course : This is a continuing contractual effort leading toward the

development of new contraceptives and is an integral part of the contraceptive

development program.
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NICHE ANNUAL REPORT

July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

i

Contract Title : The Development of Inhibitors to Estrogen Biosynthesis I

Contractor : Worcester Foundation for Experimental Biology, Inc.
j

(NOl-HD-O-2158)
Money Allocated : $1+3,63^ (FY 70; $^3,63^+ (FY 71); $7^,7^5 (FY 72); A

$i+8,775 (FY 7^); $71,522 (FY 75) '

Objectives : The investigator seeks to develop inhibitors of estrogen bio- 1

synthesis, in particular specific inhibitors to the aromatase enzyme system
|

which converts androstenedione to estrogens. One of the primary objectives
|

is to obtain evidence that the effective compounds indeed act by virtue of '

their inhibition of estrogen synthetase activity. Another primary goal is to 1

exploit accumulated structure-activity correlations in the preparation of

additional inhibitors with improved performance in the in_ vitro and in_ vivo

test systems.

Major Findings : The contractor has developed an ovarian assay for screening
of aromatase activity inhibitors. The results with the ovarian system and

the one from the placenta were similar. Six compounds were determined to

have strong inhibitory activity and were considered to have potential for

antifertility tests. Most of these have been tested and have been found to

be effective to varying degrees. The two most promising compounds at this

time are l4-hydroxyandrost-l4-ene-3, 17-dione and androsta-1 ,U,6-triene-3,

17 dione. They have both been shown to be effective as antifertility agents
post-coitally in the rat. Usipg the former compound the antifertility effect
has been shown to be reversible by estradiol-17 ^ • In addition both compounds
have been shown to lower estrogen levels significantly when administered to
rats in proestrus.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to support studies of the biosynthetic
pathways for ovarian steroids with special attention being paid to possible
points of inhibition for the purpose of fertility control.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part
of the contraceptive development program.

I
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 197 5

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: The Study of Neural Regulation of Ovarian Function

Contractor: Southwest Foundation for Research and Education(N01-HD-9-2133)

Money Allocated: $29,000 (FY 69), $31,146 (FY 70), $31,146 (FY 71)

$64,652 (FY 72), $76,951 (FY 74)

Objectives : The objective of the proposed study is to investigate the

influence of the anti-inflammatory corticoid triamcinolone acetonide on the

menstrual cycle of the baboon. The following end points will be explored:

(1) dose-response relationship; (2) the effect on follicular development and

on the endometrium; (3) the effect on luteinization when given immediately

after ovulation, and (4) effect on the endogenous release of Cortisol.

Major Findings : Administration of 2 mg. of triamcinolone acetonide on the

first day of menstrual cycle during three consecutive cycles was without

effect on the length of cycle, delayed follicular maturation, and was without

effect on LH, progesterone and estrogen levels. Morphological and histolog-

ical examination of the ovaries and the endometrium suggest that ovulation

did take place in one out of five baboons. The histological evidence is

contrary to the hormonal picture.

A single injection of 4 mg. of triamcinolone at postovulatory stage did not

alter the length of luteal phase and onset of the following menstruation and

also did not suppress luteinization, judging from plasma level of progestin,

while injection of triamcinolone at menstruation suppressed follicular matu-

ration, ovulation and luteinization. In addition, postovulatory treatment

with triamcinolone tended to increase plasma level of LH (postovulatory LH

rise) It is difficult to draw any conclusion before complete accomplishment
of this study; however, it suggests that triamcinolone may suppress the FSH
secretion instead of LH secretion in the baboon.

The drug has progestational activity which may be responsible for some of the

observed results.

Significance to Biomedical Research and Program of the Institute : The study
of compounds that can block ovulation is directly related to the published
purposes of the Contraceptive Development Branch.

Proposed Course : Discontinued. Results were equivocal.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Isolation of a Bovine Uterine Luteolytic Factor
Contractor: Cornell University (NOl-HD-9-2209)
Money Allocated: $107,232 (FY 69) for three years, $53,789 (FY 72)

$47,930 (FY 74), $40,670 (FY 75)

Objectives : The principal investigator has prepared a bovine endometrial
extract with the ability to regress corpora lutea of pseudopregnant , hyster-
ectomized hamsters. The active material precipitates with ammonium sulfate
and apparently is a large molecular weight protein; the possibility is being
investigated that it may be prostaglandin F2a adsorbed to a protein. These
studies involve further fractionation and purification of the active material
using preparative disc electrophoresis, and study of its effects on corpus
luteum progesterone synthesis stimulated by LH, the effects of various modes
of administration, and effects on ovarian blood flow and progesterone concen-
tration.

Major Findings :

1. Addition of arachidonic acid to bovine CL slices stimulated the production
of PGF2Ct and subsequent increase in steroidogenesis. The amount of PGF2a
synthesized within the luteal tissue is probably a major factor in deter-
mining the rate at which luteolysis occurs.

2. The binding of labelled arachidonic acid in the lOOOxg supernatant to
luteal tissue is reduced 50% by addition of cold arachidonic acid. This
finding suggests that it may be possible to develop a sensitive binding
assay for free acid.

Significance to Biomedical Research and Program of the Institute : Corpus
luteum regression, oir "luteolysis" has been identified as particularly
important to contraceptive development; therefore, this study is directly
relevant to the purposes of the program.

Proposed Course : The aims of this contract have been completed and further
support was discontinued.
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Contract Title : Relationships of Endometrial Prostaglandins and Luteal
Function

Contractor : West Virginia University (NOl-HD-5-2815

)

Money Allocated : $35,337 (FY 69) for two years; $32,l+60 (FY 71 );

$1+6,086 (FY 72); $1+3, 20U (FY 7I+); $21,57^ (FY 75)

Ob.jectives : The investigators are extracting the endometrium of sheep at

various phases of the cycle to determine prostaglandins both qualitatively
and quantitatively. The effects of progesterone on the corpus luteum and on

prostaglandin levels and the effects of prostaglandin F2« on corpus luteum
function in hysterectomized animals are being studied. Corpus luteum function

is being evaluated by progesterone levels and length of estrous cycle in the

sheep and menstrual cycle in the monkey.

Major Findings : Increases in PGF2<< levels in sheep uterine venous blood were

associated with CL regression in a variety of natural and experimental states.

During the normal estrous cycle PGF2«< increased at day 13 in uterine venous

blood but not in peripheral circulation. Estrogen induced luteolysis when
given on days 9 and 10 and was associated with increased uterine PGF2=<- ,

whereas when given on days k-6 it did not induce luteolysis.

Uterine and peripheral plasma levels of PGF2O' in the monkey were high and

variable during the menstrual cycle, being highest in the early follicular

phase (days 6 to 8)

.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to elucidate the factors responsible

for the control of corpus luteum fimction.

Proposed Course : Major objectives of this contract will be fulfilled during

the current contract period.
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Contract Title : A Model for Studying Inhihition of LH Action on the

Corpus Luteiim

Contractor : Mayo Clinic and Mayo Foundation (NOl-HD-1-2232)

Money Allocated : $36,92U (FY Tl); $68,620 (FY 72); $59,7^0 (FY 7^)

for two years

Objectives : A model system has been developed for studying the interaction
of human luteinizing hormone (LH) with cells of the corpus luteum using

slices of pseudopregnant rat ovaries. The object of this contract is to

further validate this model, to define the structural requirements of the
LH molecule, to define the requirements of the luteal cell for this inter-
action, and to seek inhibitors of this interaction. If such inhibitors are

found, they may be highly specific contraceptives.

Major Findings : 1. In PMSG-LH primed rats 125l hCG binding is maximal 10-1^

days after PMSG injection and then declines rapidly to a low point on days
I6-I8. Daily inj.ection of estrogen from day 10 after PMSG, increased binding
of hCG and maintained binding at a high level until at least day 29 after
PMSG. In addition, injection of estrogen maintained a high level of proges-
terone secretion by the ovary.

2. Both high and low sensitivity assays for hCG were developed using rat
luteal tissue receptors. The high sensitivity assay was capable of measuring
IM lU 2d IS hCG. It is probabJ.e that this assay, in its present form, would
not be diagnostically accurate prior to time of the first missed menses.

3. The adenylate cyclase system has been studied in granulosa cells from
small, medium and large follicles in response to FSH and LH. FSH responsive-
ness is greatest in small follicles. The response of adenylate cyclase to LH
shows just the opposite course of events and correlates very well with the
number of hCG binding sites per cell.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to support research in the relationship
between LH and the function of the corpus luteum.

Proposed Coiirse : This research project will be continued imder an NICHD
grant

.
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Contract Title: Endocrine Regulation of the Corpus Luteum
Contractor: Colorado State University (NOl-HD-9-2134)

Money Allocated: $26,706 (FY 69), $37,220 (FY 70), $53,618 (FY 71),

$89,632 (FY 72), $73,002 (FY 74) , $89,766 (FY 75)

Objectives : The primary objective of this research project is to elucidate
the endocrine regulation of the ovine estrous cycle by measuring peripheral
serum levels of FSH, LH, prolactin, estradiol, and progesterone. Radioimmuno-
assay methods are being developed for all these measurements. For the steroids
the methods are validated by comparison with double isotope derivative methods.
Methods are also being developed to measure uptake of progesterone-Cl^ and
LH-1I25 by uterus and ovaries respectively. Preimplantation embryos will be
studied to determine if they have the ability to synthesize LH in vitro , and

to metabolize six steroids in vitro .

Major Findings ;

1. Preliminary data suggest that flow of blood to the CL increased
slightly two hours after injection of PGF2a (10 mg) and this was
accompanied by a slight increase in progesterone in the peripheral
circulation. By eight hours both blood flow to the CL and levels
of progesterone had decreased and by 24 hours both appeared to be
at a basal level. There did not appear to be significant arteriole-
venule shunting of blood through the CL. With a dose of 25 mg there
was evidence of a decrease in both blood flow to the ovary and levels
of progesterone in circulation.

2. Secretion of PGF2a into the uterine vein was pulsatile in both
cycling and pregnant ewes and the frequency of these peaks was

increased in cycling ewes.

3. Utero-ovarian venous blood collected from pregnant ewes during
the first 20 days of gestation was assayed for LH, prolactin and
HPL. None of the results have been suggestive of an embryonic
luteotropin.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to describe quantitatively the hormonal
components of the estrous cycle in relevant animal models.

Proposed Course : Research objectives will be fulfilled during the current
contract period.
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Contract Title: Development of an Automated Inmiunoradiometric Assay System
Contractor: Veterans Administration Hospital

Palo Alto, California (NOl-HD-4-2814)
Money Allocated: $59,110 (FY 71), $33,335 (FY 72), $41,860 (FY 74)

Objectives : The objective of this contract is to establish a simple automated
immunoradiometric assay device, capable of measuring low concentrations of a
wide variety of antigens. The assay device is made possible by the prior
development (by the applicant) of a new type of immunological assay system
(the immunoradiometric assay). In this method, purified radioactive anti-
bodies are used as reagents to convert all the unknown antigen into a directly
detectable complex. Unreacted antibody is removed by reaction with an insol-
uble antigen immunoadsorbent . An important but parallel part of the project
is the investigation and development of alternative antibody labels.

Major Findings : An assay machine prototype was constructed and patented and
a new "universal-reagent" assay system was designed, characterized and
patented. Pursuing the patented aspects of this work, in collaboration with
Syntex Corporation, has already resulted in significant developments in the
use of IRMA with purified fluorescent labelled antibodies (a possibility
advanced in the initial contract proposal) and in a continuous-flow micro-
centrifuge IRMA assay system.

In other work, novel assays for ferritin, GFAP, S-100 and myelin basic protein
were developed. The assay for S-100 was found to be uniquely and completely
dependent on the presence of free calcium. lodination, immunoadsorbent
matrices, and solid-phase antibody techniques have been improved. The serum
effect in solid-phase systems was investigated and minimized and satisfactory
antithrombogenic catheters were developed.

The investigator now plans to use this experience to continue the construction
of alternative automated assay machine prototypes as a part-time project
without formal funding except as part of the collaborative arrangement with
Syntex.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to support research on the development
of new types of immunological assay systems.

Proposed Course : Discontinued. Further optimization of the system is being
supported by private funds.
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Contract Title
Contractor
Money Allocated

Molecular Biology of the Human Corpus Luteum
New York Medical College (NOl-HD-2-2752)
$75,668 (FY 72); $5^,739 (FY 7^+)

Oh.iectives : To study the biochemical aspects of the ageing or luteolysis of
the human corpus luteum (CL) and to determine what biochemical changes occur
when the CL's "life span" is prolonged by pregnancy. The studies which are
conducted in_ vitro consist of the simultaneous measurement of the synthesis
of progesterone and estrogen, the synthesis of de novo protein, RNA and DNA;
the response of these separate biochemical processes to added gonadotropin
(hCG) will also be measured. The major objective is to determine the nature
of the luteolytic process, and the way in which it is prevented or reversed
when pregnancy occurs.

Major Findings : 1. Specific activity of total luteal RNA and protein at the
end of each incubation was higher in most corpora lutea younger than 22 days

than in those older than 22 days

.

2. The response of human CL to hLH and hCG appears to be different. There
exists a very preliminary suggestion that hCG is the true luteotropin.

Significance to Biomedical Research and Program of the Institute : Research on
the human corpus luteum is essential in the understanding of the reproductive
process and is directly related to the objectives of the Contraceptive
Development Branch program.

Proposed Course : Discontinued. Methodological problems precluded proper
execution of research.
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Contract Title : Hormonal Requirement for Implantation in the Rhesus Monkey
(Macaca mulatta)

Contractor : University of Wisconsin (NOl-HD-3-2777)

Money Allocated: $73,335 (FY73/ 2 years)

Ob iect ives : It is proposed to use the egg transfer technique to determine
the requirement of ovarian hormones for survival of the blastocysts and
implantation in the rhesus monkey. Blastocysts will be obtained from
animals that have ovulated and mated naturally or have been treated with
gonadotropins. The recipients will be ovariectomized two weeks before use
and given daily injections of progesterone prior to egg transfer. If

implantation does not occur, recipients will be given estrogen in addition
to progesterone.

Ma jor Findings : A total of 20 monkeys have been utilized thus far in these
studies. Radioimmunoassays of monkey chorionic hormone (MCG) were developed
in order to determine whether embryo implantation was induced in monkeys
ovariectomized on the 5th day post-conception and injected with 5 mg
progesterone/kg daily. The method is useful to detect pregnancy from the
12th to the 28th day of pregnancy in both intact and ovariectomized monkeys
maintained on progesterone. MCG levels in the ovariectomized progesterone-
maintained monkeys are of the same order of magnitude as those intact preg-
nant animald.

Plasma estradiol levels as determined by radioimmunoassay in ovariectomized
pregnant monkeys maintained on progesterone decreased from 40 to 64 pico-
grams/ml on the day of ovariectomy (5th day post-conception) to 8 to 15
picograms after ovariectomy through the 12th day post-conception. These
data support the concept that either progesterone may be metabolized to
estradiol or that the adrenal contributes to the estrogen pool in early preg-
nancy and the time of embryo implantation. Early development in the monkey
may therefore depend, as suggested, upon both estrogen and progesterone.

Plasma progesterone in ovariectomized progesterone-maintained monkeys varies
markedly from day to day and reaches much higher levels than in intact
pregnant monkeys. These data suggest that 5mg progesterone/kg is more than
is required to promote implantation and pregnancy in ovariectomized monkeys.

Significance to Biomedical Research and Program of the Institute : Knowledge
concerning the hormonal requirements for implantation in the monkey is related
to the stated goals of the program.

Proposed Course : Discontinuation. Stated objectives will be completed by
expiration of the contract.
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Contract Title: Progesterone and Uterine Secretion

Contractor: Case Western Reserve University (NOl-HD-3-2785)

Money Allocated: $99,680 (FY 73) for two years

Objectives ; The purpose of this study is to examine the metabolism in the

uterus of the rabbit of radioactively labelled progesterone and to ascertain

whether or not reduction of progesterone to pregnane-3,20-dione (dihydropro-

gesterone) is a prerequisite to progestational activity in this tissue. This

consideration is similar to the "5a-reduction" of testosterone to dihydrotes-

tosterone in the androgenic action of the male hormone.

The work to be conducted includes the study of the physiological fate of

injected ^H-labelled progesterone, its metabolic clearance rate, the rate of

extraction from the blood by the uterus, and the chemical changes which the

hormone undergoes during these processes.

Major Findings : The patterns of results indicates that the metabolic clearance

rates of progesterone and 5a-pregnan-3,20-dione are not influenced by the

hormonal treatments. It is not yet clear what influence steroid administration

will have on the uterine extractions of progesterone and 5a-DHP but the ratio

of the concentration of progesterone in the uterus to the blood does appear to

be influenced by the prior administration of estrogen or progesterone. A major

portion of the tissue (^'^C) is present specifically as (^^C)progesterone

whereas only a small fraction of the (^H) remains as (%)5a-DHP. Progesterone

treatment may lower the percentage of tissue ('^'^C) still in the form of (^ C)

progesterone in the uterus.

(^H)Uteroglobin can be recovered from the lumen of the uteri of rabbits

treated with estradiol, progesterone or estradiol plus progesterone. Little,

if any, (^H) uteroglobin was present in the lumen of rabbits administered only

oil vehicle. Rabbits treated with progesterone or estradiol plus progesterone

contained more (^H)uteroglobin than estrogen treated rabbits.

Electrophoresis of uterine fluid at a different pH and gel concentration and

electrophoresis of uteroglobin isolated from the uterine fluid by Sephadex gel

filtration chromatography support the conclusion that the (^H) amino acids are

incorporated into uteroglobin.

Significance to Biomedical Research and Program of the Institute : The work
undertaken, involving the mode of action of progesterone on the uterus, is

related to the program of the Contraceptive Development Branch to support

research in this aspect of reproductive physiology.

Proposed Course : Research conducted under this contract will be continued

under NICHD grant.
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Contract Title: Biochemical Requirements for Fertilization of

Mammalian Ova
Contractor: University of Georgia (NOl-HD-9-2103)
Money Allocated: $34,122 (FY 69), $45,351 (FY 70), $46,519, (FY 71)

$42,999 (FY 72), $64,317 (FY 74)

Objectives : This research project involves the study of at least three
enzymes present in sperm, the corona-removing enz3mie (CRE) and two trypsin-
like acrosomal enz3mies which, the applicant hypothesizes, are involved in
the penetration and removal of the corona radiata, the zona pellucida and
the vitelline membrane. The applicant further postulates that "decapacita-
tion factor" (DF) is a low molecular weight material which inhibits the CRE
and thus blocks fertilization or capacitation. Both rabbit and human mate-
rials are used to study these points. Included as a related objective is

the development of an effective medium and the proper physical conditions
for in vivo fertilization and cleavage of human ova obtained from ovarian
tissue removed at local hospitals. ~

Major Findings : With the availability of highly purified DF and corona pene-
trating enzyme (CPE) , strong evidence was obtained that the antif ertility
action of DF is inhibition of CPE thereby preventing sperm from penetrating
the corona radiata. This enz3nne (CPE) and enzyme inhibitor (DF) system led
to the examination of inhibition of the sperms' zona-penetrating proteinase,
acrosin, as a means of blocking fertilization. A combination of synthetic
proteinase inhibitors (originally developed as trypsin inhibitors by others)
was found to be a markedly effective vaginal contraceptive in rabbits.
Effectiveness in rabbits is of particular significance since present human
vaginal products have only slight antif ertility action in rabbits.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly related to the published purposes of

the Contraceptive Development Branch to elucidate the mechanisms involved in

sperm capacitation and in the critical process of fertilization.

Proposed Course : Discontinuation. The original contract objectives were met.
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Contract Title : Enzymes of the Sperm Acrosomes , Occurrence of the
Inhibitors of These Enzymes in Seminal Plasma and the
Role of the Enzymes and Inhibitors in Capacitation of
Sperm and in the Penetration and Fertilization of Ova

Contractor : University of Georgia (NOl-HD-0-2147)
Money Allocated : $29,^9^ (FY 70); $)45,835 (FY 71); $hk ,h62 (FY 72);

$69,986 (FY 73); $162, U29 (FY 7^) for two years

Objectives : The objectives of this research project are (l) to isolate and
purify the five acrosomal enzymes from mammalian sperm; (2) to demonstrate
their role in fertilization; (3) to elucidate the role played by enzyme in-
hibitors in seminal plasma (including decapacitation factor, DF); {k) to
attempt to correlate DF activity with the inhibition of new sperm neuramini-
dase; and (5) to study uterine enzymes and their possible role in capacitation.

Major Findings : Inhibition of sperm enzymes by o(-chlorohydrin :

cK-Chlorohydrin ( 3-chloro-l , 2 propanediol), a male antifertility agent, in-

hibits sperm hyaluronidase, arylsulfatases and ^-glucuronidase. Hyaluroni-
dase and ^-glucuronidase were partially purified from bull semen and the

rabbit acrosomal enzymes, hyaluronidase, ^-glucuronidase and arylsulfatases
were obtained by detergent treatment of washed rabbit sperm. By preincuba-
tion of the eyzyme and the inhibitor for 15 min. both bull semen and rabbit

sperm acrosomal hyaluronidase were completely inactivated by 13 mg/ml of

c<-chlorohydrin. At lower concentration of the inhibitor, i.e. 6.5 mg/ml,
hyaluronidase was partially inhibited. Arylsulfatase A and B inhibition by

£x-chlorohydrin showed a different pattern when the inhibitor was added
directly to the reaction mixture. By preincubation of the enzyme and the
inhibitor, both arylsulfatases and ^-glucuronidase were completely inhibited.
^ -N-acetylglucosaminidase was partially inhibited at the highest level of

<X -chlorohydrin (l30 mg/ml) tested. Acrosin, azocoll hydrolysis and neura-
minidase activity from rabbit sperm acrosomal extracts were not inhibited at

the maximum level of c^-chlorohydrin. The action of the inhibitor on hyaluroni-

dase, arylsulfatase and ^-glucuronidase was irreversible.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published p\irpose of

the Contraceptive Development Branch to support studies of the role of sperm
acrosomal enzymes and their inhibitors in capacitation and fertilization.

Proposed Course : This is a continuing contractual effort leading to the
development of new contraceptives and is an integral part of the contraceptive
development program.
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Contract Title: Study on Human Acrosomal Proteinase

Contractor: Wayne State University (NOl-HD-3-2773)

Money Allocated: $71,785 (FY 73) for three years

Objectives : The objective of this contract is to investigate several aspects
of biochemistry and immunology of the purified human acrosomal proteinase.

The primary interest is to ascertain whether antisera against this enzyme can

block fertilization. Secondarily, the relationship of enzyme activity to the

process of semen liquefaction and to the presence of naturally occurring
enzyme inhibitors will be investigated.

Major Findings : The variability of acrosin activity ±n individual human
ejaculates is not related to the concentration of acrosin inhibitors in
seminal plasma. Correlation coefficient = 0.029. Mean values for the
amount of acrosin inhibitor in the ejaculates were 16.8 I.U./ml seminal
plasma and 0.012 I.U./10° sperm. Expressed in terms of the distribution of

inhibitor between sperm and seminal plasma for the entire ejaculate, these
data indicate that only 7.4% of the total acrosin inhibitor is bound to the

spermatozoa. However, this amount of bound inhibitor is physiologically
important because it constitutes an 80% inhibition of the total acrosin in
the ejaculates sperm.

Additional data was obtained which tends to substantiate that the acrosin
inhibitors associated with sperm are in fact derived from seminal plasma.
A selective process appears to operate since the low molecular weight (5500)
inhibitors of the SPI-II fractions are adsorbed to sperm in preference to

the larger molecular weight group (SPI-I) even though the latter group con-
stitutes 50% of the total inhibitor activity present in seminal plasma.

Significance to Biomedical Research and Program of the Institute : Sperm
acrosomal proteinase facilitates ovum penetration by the spermatozoon. The
work to be carried out on this project is directly related to the published
purpose of the Contraceptive Development Branch to support research dealing
with fertilization inhibition.

Proposed Course : This three-year contract should fulfill the stated objec-
tives.
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Contract Title: Control of Sperm Fertilizing Capacity
Contractor: The Worcester Foundation for Experimental Biology

(NOl-HD-3-2781)
Money Allocated: $43,425 (FY 73); $53,800 (FY 74); $74,354 (FY 75)

Objectives : The investigator plans to 1) establish why seminal plasma
vesicles decapacitate spermatozoa, while other vesicles, such as, phosphocholine
and RBC ghost vesicles, do not exert this inhibitory effect on sperm
potential for fertilization; 2) determine the specific mechanism of

action in the sperm cell of the active agent in seminal plasma vesicles
responsible for inhibiting sperm fertilizing capacity; and 3) apply what
has been learned of this physiological anti-fertility mechanism to the
suppression of male fertility.

Major Findings : (1) Dipalmitoyl lecithin and cholesterol containing
vesicles inhibited fertilization by rabbit spermatozoa; (2) large (about
1500 X 130 A) membrane components of horse seminal plasma, that were
isolated in the void volume after chromatography on Sepharose 4B, had no
obvious inhibitory effect on the fertilizing capacity of rabbit sperm
cells. In contrast, vesicles (400 to 700 A) isolated in the eluted
volume were inhibitory. Red blood cell viscles were also large (1000 to

2000 A diameter) and they also failed to block fertilization by sperm
cells inseminated into the oviduct of a doe; (3) vesicles that had been
boiled for 3 minutes retained their inhibitory effect on fertilization
of rat eggs in vitro. ATPase in the vesicles were inactivated and it is

suggested decapacitation may not involve vesicle enzymes; (4) pronase
digested vesicles, that had been separated from the enzyme by sedimentation
post-incubation, were found to block fertilization by rabbit spermatozoa;

(5) prolonged sonication disrupted vesicle structure and diminished
decapacitation activity; (6) it is suggested that the lipid content,
specifically that of cholesterol, and the physical integrity and dimensions
of the vesicle may influence decapacitation activity.

Significance to Biomedical Research and Program of the Institute : The
study of capacitation and decapacitation is directly related to the
published purpose of the Contraceptive Development Branch to support
research of possible fertilization inhibitors.

Proposed Course : This is expected to be a continuing contractual
effort leading toward the development of new contraceptives and is an
integral part of the contraceptive development program.
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Contract Title : Androgen Receptors in the Testis
Contractor : The .University of Texas Medical Center (NOl-HD-3-2782)
Money Allocated : $96,706 (FY 73 for 2 years)

Ob.-iectives : The investigator proposes the following studies:
1) Demonstration of the presence of androgen receptors in the testis.
2) Localization of the receptors.
3) Characterization of the androgen receptors and study of the relationship

between soluble and nuclear receptors

.

k) Study the influence of FSH and testosterone on testicular concentrations
of androgen binding protein.

Major Findings : Work on androgen binding in adult rat testis has progressed
in two directions. It had been previously established that both FSH and
testosterone propionate (TP) can increase the testicular level of androgen
binding protein (ABP) following 30 days of posthypophysectomy regression.
Recently an attempt was made to look at the time course of these effects and
to determine if interaction between TP response was more slow (variable at 5-

10 days). There was no evidence at 3 days or 5 days of an additive effect of
TP and FSH. In vitro systems which will respond to these hormones with ABP
production is currently being explored. The investigator has extended pre-
vious observations of cytoplasmic and nuclear receptors following in vivo
injection by showing similar receptors after in_ vitro incubation of testis
with 3H-testosterone. Since the cytoplasmic response is variable but detection
of the nuclear form is more reproducible, an exchange method is being develop-
ed to study nuclear receptor-bound hormone levels under a variety of conditions.

Significance to Biomedical Research and Program of the Institute : An under-
standing of the cellular sites of binding and the nature of the interaction
between androgens and specific receptor molecules will allow for a more
rational assessment of androgens and anti-androgens as male contraceptive
agents and is related to the stated goals of the program.

Proposed Course : Discontinuation. The study will be supported on a Program
Project Grant.
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Contract Title: Ultrastructural Changes in the Sertoli Cells in Rats
Under Various Hormonal Conditions

Contractor: University of Texas Medical School, Houston
(NOl-HD-2-2704)

Money Allocated: $126,804 (FY 72) for three years

Objectives : The objective and scope of the present study is to conduct
a detailed investigation of the ultrastructure of mature and developing
Sertoli cells of rats under various experimental conditions. Specific
emphasis will be placed on the possible hormonal interaction which may
be operative in Sertoli cells. In vivo and in vitro studies will be
made of testes from developing and adult animals deprived on gonadotropic
hormones, replaced with gonadotropins or sex hormones.

Major Findings : During this time period studies concerning the effect
of estrogen treatment or hypophysectomy on blood-testis barrier in the
rats have been conducted and essentially completed. It has been demonstrated
that neither estrogen treatment nor hypophysectomy effect the blood-
testis barrier, suggesting that the development and maintenance of this
important structure is not under hormonal control. During the second
year of the contract the studies on the effect of estrogens and hypophysectomy
on peritubular tissue were conducted. The only effect obtained was that
of infolding of glycoprotein layer and distortion of the myoid cell
cytoplasmic boundary. A detailed study of the effects of estrogen on
the Sertoli cell has been undertaken during this time period.

Significance to Biomedical Research and Program of the Institute :

Understanding of the regulatory function of the Sertoli cells may suggest
approaches to interference with seminiferous tubule function. The study
is clearly relevant to the goals of the program.

Proposed Course : Discontinuation. The stated objectives will have been
achieved by the end of the contract period.
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Contract Title : Dynamics of Spermatogenesis: Quantitative Morphological
and Physiological Characteristics of Isolated Meiotic Cellj

Contractor : The Johns Hopkins University (NOl-HD-3-2794)
|

Money Allocated : $8^,236 (FY 73 for 2 years), $65,71^+ (FY 75), \

$69,h80 (FY 76) i

Objectives : This is a proposal to isolate, separate, and characterize meiotic I

germ cells in rat testes using the Ig sedimentation system. Uptake and reten-

tion of radioactive steroids (particularly 3ht) by various types of meiotic
|

cells which have been isolated by gradient analysis will be studied. Further,

|

efforts will be made to maintain isolated meiotic cells in tissue culture
|

and to determine if differentiation of these cells occurs.
j

Major Findings : The major effort during this period was devoted to morphologiij

identification (by light and electron microscopy) of cells obtained from 10

day rats which form colonies on culture dish surface after 2^+ hour exposxire

to FSH (but not HCG or BSA). These cells apparently resemble the presumptive
Sertoli cells. A dose response to FSH was demonstrated with respect to the
number of colonies and the number of cells per colony. The response to FSH
required the presence of fetal calf serum in the culture medium and was ob-

served only when the cells were dissociated from the testes with 0.1^ tryp-
sin but not following dissociation with 5mM EDTA. This is a very interesting
observation. Whether these events depend on cell division or more efficient \

cell attachment should be determined. Preliminary experiments showed that the
FSH induction of colony formation varies with the age of donor animals

.

Attempts were made to purify the FSH-responsive cells which apparently repre-
sent one out of four cell types adhering to the culture dish. A six-fold
enrichment of FSH-responsive cells was obtained in 2H hour culture (from 10^
to 60%) . Subsequent application of sedimentation velocity technique at unit
gravity provided little additional purification (71^)- Density equilibrium
centrifugation in BSA gradient is currently being explored as a possible
means for further cell purification.

Significance to Biomedical Research and Program of the Institute : The exper-
imental approach to studying spermatogenesis presented has considerable impli-
cation for the development of fertility control methods in the male, which
is directly responsive to the stated goals of the program.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of new contraceptives. It is an integral part of
the contraceptive development program.

I
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Androgen Polydimethyl-siloxane Implants: Metabolic Fate of

Testosterone and Contraceptive Efficacy of Different Androgens
Contractor: The Johns Hopkins University (NOl-HD-3-2745)
Money Allocated: $64,256 (FY 73), $1,400 (FY 74), $91,808 (FY 75),

$103,266 (FY 76)

Objectives : The investigator proposes to study the effect of testosterone
released by PDS implants in different amounts on spermatogenesis, testos-
terone production rates, plasma testosterone and ICSH concentrations, and
accessory sex organ size and morphology in monkeys. The objective is to

compare the efficacy of PDS testosterone implants to create azoospermia with
elevating plasma testosterone and causing accessory sex organ hypertrophy.

Major Findings : Testosterone filled PDS capsules designed to deliver 9.4,
16.0, 34.0, 67.0, and 150.0 yg. of testosterone/lb/day were implanted sub-
cutaneously in adult male rhesus monkeys divided and randomized by weight
into 5 treatment groups of 6 animals each. An additional group of 6 animals
was given an implant of cholesterol as a control. The capsules were left in
place for 70 days; then the animals were sacrificed, the capsules retrieved,
and blood and tissue samples collected. During the 70-day experiment, the
capsules were depleted of approximately one-half of their testosterone con-
tent. The average weight of all of the 6 groups was approximately 20 pounds.
The amount of testosterone released was directly related to the capsule
surface area. Testicular weights declined with increasing testosterone
dosage reaching a minimal level in those animals receiving 34 yg.T/lb/day
and then rose slightly with higher doses. Both the concentration and the
number of sperm decreased with increasing dosage of testosterone, reaching
a low point with 34 yg.T/lb/day and then increasing moderately. Only two of

the 6 animals receiving 34yg.T/lb/day for 70 days were azoospermic; the other
four had reduced but measurable numbers of spermatids or spermatozoa in the
testicular homogenate.

Significance to Biomedical Research and Program of the Institute : Development
of new techniques for the control of fertility in male is one of the stated
goals of the program.

Proposed Course : This is expected to be a continuing contractual effort
leading towards the development of new contraceptives and is an integral
part of the contraceptive development program.
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NICHD ANNUAL REPORT
July 1, 197A through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Hormonal Control of the Epididjmiis

Contractor: Bureau of Biological Research, Rutgers University
(NOl-HD-2-2757)

Money Allocated: $59,235 (FY 72) for two years; $31,005 (FY 74)

Objectives : The primary objective of this research is to characterize
hormonal maintenance of rat epididymal tissue as evaluated by protein,
nucleic acid, glycogen and enzyme activity. The general direction of

this proposal involves an attempt to evaluate the effects of selected
steroids on certain aspects of the biochemical composition of the rat
epididymal caput and cauda, a study of the action of two androgen antagonists
on epididymal biochemical components, and on fertilizing capacity of

spermatozoa.

Major Findings : 30* Androstanediol in 10 mg/kg dosage provided only
partial maintenance of epididymal weight in castrated adult male rats
examined after 30 days. However the pentose-shunt enzyme activities
exceeded the normal. When steroid treatment was delayed for 30 days
following castration, 3«< Androstanediol restored epididymal weight to

50% of normal after 30 days of treatment. The steroid had a significant
effect on aminotransferase activity in the caput and cauda with alanine
AT being restored to normal. Total protein, RNA and DNA composition was
commensurate with the degree of epididymal stimulation whereas glycogen
content exceeded the normal.

The steroid combination of dihydrotestosterone and dehydroepiandrosterone
(10 mg/kg) when administered to castrated adult male rats failed to

maintain epididymal weight or to restore the weight in prior castrated
animals. The enhancing action of DHA noted with aminotransferase activity
and glucose-6-phosphate dehydrogenase activity was not extended to

protein, nucleic acids or glycogen.

Hypophysectomy was followed by marked epididymal atrophy. Aminotransferase
activity increased after hypophysectomy to a level significantly greater
than that noted after castration. Alanine aminotransferase activity was
normalized by DHT and aspartic AT was corrected significantly by DHT and
T. Glucose-6-phosphate dehydrogenase activity was restored to normal by
DHT and T.

Significance to Biomedical Research and Program of the Institute : The
study of epididinnal function is one of the stated goals of the contraceptive
development program.

Proposed Course : Discontinuation. The stated objectives of the contract
will be fulfilled after this contract year.
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Contract Title:

Contractor:
Money Allocated:

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Role of the Epididymis in Sperm Maturation
Pennsylvania State University (NOl-HD-9-2137)
$30,706 (FY 69); $58,660 (FY 70); $65,359 (FY 71)

$89,736 (FY 72); $156,685 (FY 73/2 years)

Objectives : The objective of this research is to evaluate the nature and
concentration of androgens in the sperm environment and their physiological
effects on testicular and cauda epididymal sperm.

Major Findings : Techniques developed by CPB assay of individual 5 ,17 -ol
and 5 ,17-one androgens use a highly specific rabbit androgen binding
protein. Rete testis fluid contains 0.5 ng/ml dihydrotestosterone.
Concentrations (ng/ml) of progesterone in rete testis fluid, cauda
epididymal plasma and seminal plasma averated 0.95, 5.67 and 1.05 while
estrogens (estradiol and estrone) averaged 0.010, 0.014 and 0.028.

Estrogens are contributed by the prostate-bulbourethral gland complex
rather than the seminal vesicles.

A filter assay technique was developed to measure steroid binding by

sperm; 8 steroids were evaluated. Sperm do not contain a specific steroid-
binding protein. However, binding of steroids is linear from 1 to 500 nM.

Washed sperm stripped of endogenous steroids with coarse charcoal or

non-stripped cells bind 6 and 2.5% of available dihydrotestosterone.
Sperm apparently enter the epididymis fully loaded with testosterone, but
probably bind increasing amounts of other steroids which increase in

concentration in the milieu as sperm undergo maturation and ejaculation.

Certain exogenous androgens (160 nM) tend to depress glucose consumption
by stripped or non-stripped testicular or cauda epididymal sperm. Stripping

did not alter basal (control) glycolytic rates of these cell types, but

reduced that of ejaculated sperm. Glucose consumption of non-stripped

ejaculated sperm was stimulated by several androgens.

Significance to Biomedical Research and Program of the Institute : The

work undertaken in this project is directly related to the stated published
purpose of the Contraceptive Development Branch to support studied directed
towards the development of new male contraceptives.

Proposed Course : Discontinuation. The stated objectives will have been

realized by the end of the contract period.

137



NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Morphological and Experimental Studies on Spermatogenesis,
Sperm Maturation, and Means of Inducing Reversible
Infertility in the Male

Contractor: Harvard Medical School (NOl-HD-9-2107)
Money Allocated: $66,656 (FY 69), $59,944 (FY 70), $68,151 (FY 71)

$71,702 (FY 72), $60,000 (FY 73), $60,000 (FY 74)

Objectives ; This research is centered upon the use of modern, high quality
ultras true tural techniques to investigate key issues of testicular and sper-
matozoal morphology function. One project deals with topics in spermatogen-
esis. The investigators are studying the significance of the chromatoid
body and aggregates of spermatocytes within the seminiferous tubules, elec-
tron microscope radiographic studies of RNA and protein synthesis in
spermatocytes and spermatids and, by the use of mitotic blocking agents,
interfering with specific developmental events in spermiogenesis in order to

learn more about the function of micro-organelles found in germinal cells.
The investigators are likewise assessing the influence of androgens on
epididjnnal function.

Major Findings :

1. Efforts to separate cell types of the seminiferous epithelium : Using
unit gravity sedimentation, essentially clean fractions of viable germinal
cells have been achieved - 80% pachytene spermatocytes, 85% round spermatids,
20-25% Sertoli cells, 99% sperm heads and 90% residual bodies. Biochemical
studies indicates that during mammalian spermiogenesis spermated nucleo-
histones are transferred to the residual body and replaced by protamine-
like proteins.
2. Studies on the downstream effects of testicular androgens : The
suggestion that testosterone in the testicular fluid may have a direct effect
on downstream elements of the reproductive tract has now been verified by
demonstration of a specific androgen binding protein that transports and
maintains high concentrations of androgen in the rete testis and caput
epididymidis.
3. Studies on Blood-testis permeability barrier : The results substantiate
previous conclusions that the Sertoli cell occluding junctions constitute
one of the "tightest" epithelial permeability barriers thus far described.

Significance to Biomedical Research and Program of the Institute : Studies
of these topics are deemed highly relevant to the purposes of the contracep-
tive development program.

Proposed Course : Discontinuation. The stated objectives will be fulfilled
after this contract year.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Formation of Dihydrotestosterone in Male Sex Organs

and Transport of Steroid Androgens from the Testis to

the Epididjnnis

.

Contractor: University of Trondheim, Norway (NOl-HD-4-2812)
Money Allocated: $95,860 (FY 74)

Objectives ; The investigator proposes to examine the following aspects of

male physiology and biochemistry: (a) Are there specific binders for testos-
terone and its 5a-reduced metabolite dihydrotestosterone (DHT) in testicular
tissue; (b) explore the properties of the testicular enzyme responsible for
converting testosterone to DHT; (c) explore the transport of steroid androgens
from the testis to the epididymis.

Major Findings :

1. A system has been developed, incubating testicular tissue xvith radioactive
testosterone (T) in Tris-EDTA buffer. The production of radioactive
dihydrotestosterone (DHT) and of radioactive 5-alpha-androstane, 3-alpha,
17 beta-diol (5-diol) in this system is linear with respect to time over
a 30 min. incubation time.

2. Testes from mature rats, when incubated in the test system, produce DHT,
5-diol and a radioactive compound "U." Compound "U" has now been identi-
fied as 75% 7-alpha-hydroxytestosterone admixed probably with 7-alpha-
hydroxyi metabolites of DHT and 5-diol.

3. Testes of mature dogs secrete 7-alpha-hydroxytestosterone(7-OH-T) in
spermatic venous blood.

4. Testes from immature rats cannot produce radioactive 7-OK-T when incubated
in system X. The immature rat testis produces more DHT and 5-diol from
T than testes from mature animals.

5. Formation of DHT, 5-diol and androstenedione by testes of mature rats is
depressed in the presence of 7-OH-T.

Significance to Biomedical Research and Program of the Institute ; The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to support research directed towards
development of new male methods of contraception.

Proposed Course ; This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part
of the contraceptive development program.
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July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Fine Structure and Function of the Accessory
Glands of the Male Reproductive Tract

Contractor: University of Virginia (NOl-HD-1-2506)

Money Allocated: $12,985 (FY 69); $12,750 (FY 70); $18,266 (FY 71);

$25,851 (FY 72); $83,685 (FY 73 for 3 years)

Objectives: This study of the fine structure and function of the male
accessory organs is being carried out principally in rats, with particular
attention being paid to 1) effects of vasectomy, both proximal and

ductal, to the point of ligation of the vas; and 2) changes which take

place in the Wolffian ducts of rat fetuses, before, during, and after

onset of androgen secretion (as daily intervals from day 14 until birth)

.

Electron microscopy and electron microscope radioautography are being
used to follow the fate of radio-labeled precursor substances in a study

of the secretory activity of the accessory glands.

Major Finding s:

Rad ioautography : Studies by light and electron microscope radioautography
of protein secretion in the prostate and seminal vesicle of the rat have

been concluded. Secretory proteins are synthesized in the rough endoplasmic
reticulum transported to the Golgi apparatus and secretory vacuoles, and
released to the lumen from the apical ends of the cells. In the seminal

vesicle, transport occurs very rapidly, exceeding the rate in the prostate
and many other glands.

Significance to Biomedical Research and Program of the Institute : The

work undertaken in this project is directly related to the published
purposes of the Contraceptive Development Branch.

Proposed Course : Discontinuation. Stated objectives will be achieved

by the expiration date.

I
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Contract Title
Contractor
Money Allocated

NICHD ANNUAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Fertilization of Mouse Ova In Vitro by Epididymal Sperm
The Jackson Laboratory, Bar Harbor, Maine (NOl-HD-2-2740)

$58,535 (FY 72) for two years, $31,000 (FY 7^)

Objectives : The investigators have been highly successful in obtaining iin ,

vitro fertilization (95^) of mouse ova by epididymal sperm. In this contract

proposal, it is proposed to define the chemical, physical, temporal, and
genetic factors that have contributed to this success

.

To the objective of obtaining fertilization in the shortest interval and with
the minimum number of sperm, the investigators will study the effect of varying

systematically, singularly or in combination, ingredients of the medium and

other factors of the in_ vitro system; among the important parameters to be
studied are the necessity of subjecting epididymal sperm to capacitation, the

effect of egg denudation, acrosome reaction, and patterns of attachment of

the sperm head to the zona pellucida.

Major Findings : Experiments were initiated to determine ion requirements for

fertilization when variations in fertilization rates were observed with sperm

suspensions from different males. Further observations have shown that a sub-

stance is present in epididymal sperm suspensions that completely inhibits

fertilization. In the presence of the inhibitor, sperm motility and their

removal of cumulus cells from eggs appears normal. Sperm attach to the zona

pellucida but fail to fertilize the egg. Electron microscopic studies are

being conducted to observe if the acrosome reaction and zona penetration

occur. Preliminary observations show the substance to be heat stable and

nondialyzable . Further studies are being conducted to characterize this

natural inhibitor of fertilization.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support research directed towards

development of new female methods of contraception.

Proposed Course : Discontinuation. Majority of the stated objectives have

been achieved.
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NICHD AfflUAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Assay of Progesterone Receptor Activity in the Guinea
Pig Uterus

Contractor : Milton S. Hershey Medical Center (WOl-HD-1-2228)

Money Allocated : $20, 69^+ (FY 7l); $23, 5^+^ (FY ^2) ; $83,519 (FY 73 for
two years); $11,130 (FY 7^); $91,696 (FY 75)

Objectives : The biological action of progesterone on the uterus may be
initiated by the interaction of this steroid with a specific intracellular I

receptor protein. In the uterus of the castrate estrogen treated guinea pig
specific cytoplasmic receptors for progestins have been identified. The pur-

i

pose of this study will be to characterize these receptors in order to deter-
|

mine the best technique for measuring their binding capacities. A rapid assay,

technique will be developed for uterine cytosol protein binding activity.
This assay will then be used to search for agents which both block progesterorj
binding to the cytosol receptor and which have relatively little progestations
activity. From experience with other steroid receptor systems, it is antici-
pated that these agents will be antiprogestational and may therefore be usefixl

as contraceptive agents. An additional objective is the development of an
[

in vitro bioassay for progestins and antiprogestins

.

Major Findings : 1. The activity of the progesterone cytosol receptor in uteri

us is controlled by sex steroids . Its activity is increased by estrogen trea;

ment and strikingly decreased by progesterone administration. The striking
fall in receptor activity following progestin treatment cannot be accoixnted
for by receptor accupancy by the administered steroid or by nuclear transfer

1

2. The progesterone receptors of man, rabbit and sheep are similar with res- '

pect to physical properties and steroid specificity. In these species, the
\

relative binding affinity of progestins for the receptor may be roughly corre-
lated with the relative biological activity of steroid. The guinea pig recep-|
tor affinity for progestins does not correlate with their biological

,

activities.
|

I

3. The investigators have developed an in_ vitro bioassay for progestins basedj
on the accumulation of glycogen in tissue cultures of sheep and guinea pig [

endometria.

Significance to Biomedical Research and Program of the Institute : The work
•undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to support studies on the binding
characteristics of steroid receptor systems.

Proposed Course : This is expected to be a continuing contratual effort
leading toward the development of new contraceptives and is an integral
part of the contraceptive development program.
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July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Studies on Steroid Hormone Receptors and their Role in

Reproductive Biology
Contractor : Mayo Clinic- (N01-HD-3-2T69)

Money Allocated : $111,121 (FY 73 for 2 years); $91,210 (FY 75)

Objectives : The objectives of this research project are as follows: (l)

purify and study the binding properties of the estrogen and progesterone

receptors from cow uteri; (2) investigate the interaction between receptor

proteins and the DNA and chromatin; investigate the interaction among

estrogens and progestins and their competitive binding to their respective

receptors

.

Major Findings : Purification of the progesterone receptor has been carried

out employing steroid affinity chromatography with deoxycorticosterone and

by employing ATP as a newly discovered ligand. Employing ATP affinity

chromatography a purification of between 30 and 100 fold was generally obtain-

ed and the recovery of receptor was greater than dO%

.

The observations on ATP binding are an important methodological advancement.

The precise role that ATP plays in receptor physiology and the mechanism

of hormone action is presently unclear. However, its specificity is of

interest and other nucleotides (ADP, AMP, and CAMP) do not show this

interaction.

Using the chick oviduct, a well defined cell-free system has been developed
to measure the binding of progesterone receptors in isolated nuclei. This

system can be used to study the functions of both the hormone and the receptor

in binding to the nuclear chromatin. This system is being used to study the

process of receptor 'activation' which is thought to occur as a hormone-

mediated event that is required before nuclear binding of the receptor can

occur. In this regard the addition of ATP to the cell free system clearly
stimulates nuclear uptake of the hormone-receptor complex.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to support studies of the steroid
binding substances in reproductive tract tissues.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new contraceptives and is an integral part
of the contraceptive development program.
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NICHD ANNUAL REPORT
July 1, 1973 through June 30, 1974
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: The Study of Progesterone-Binding Proteins as a Tool
for the Detection of Progesterone Antagonists and
Agonists

Contractor: Medical College of Ohio at Toledo - NOl-HD-4-2851
Money Allocated: $74,675 (FY 72), $89,353 (FY 73), $93,480 (FY 74)

Objectives : The purpose of this project is to prepare, isolate, purify
and characterize a standard cell-free fraction containing receptor
proteins from the uteri of rats, rabbits and guinea pigs incubated with
3H-progesterone and from fresh untreated uteri in order to develop a
rapid screening system for the detection of progesterone antagonists and
agonists.

Major Findings : The contractor has developed techniques for extracting
and stablizing the 7S receptor complex from rabbit and guinea pig uterus.
The receptor can take configurations having sedimentation coefficients
of 4.5S, 5.5S, and 7S. It is possible to prepare the 5.5S receptor in a
form suitable for studies of competitive inhibition. The high affinity
cytoplasmic receptor is required for nuclear binding of tritiated progesterone.
Conditions (temperature, dilution, etc.) which favor formation of the
5.5S complex also favor nuclear binding. In buffers of high ionic
strength (the receptor is in the 4.5S form) nuclear binding is depressed.
Therefore, it is considered that the 5.5S subunit is required for nuclear
binding.

Significance to Biomedical Research and Program of the Institute : The
work undertaken in this project is directly related to the published
purpose of the Contraceptive Development Branch to support studies of

progesterone binding substances in the uterus.

Proposed Course : Discontinued. Research objectives will be supported
by a NICHD grant.

I
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NICHD ANNUAL REPORT
July 1, 1973 through June 30, 1974
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Estrogen-Receptor Substances of Oviduct Tissue
Contractor: University of Chicago (NOl-HD-9-2108)
Money Allocated: $45,413 (FY 69), $29,815 (FY 70), $31,944 (FY 71),

$36,265 (FY 72), $108,423 (FY 73 for two years),
$69,900 (FY 75)

Objectives : The investigators are studying the molecular mechanisms of
estrogen activity in oviduct tissue by biochemical and autoradiographic
determination of the presence, intracellular localization, and chemical
nature of specific "estrogen receptor" proteins.

Major Findings : During the past two years considerable progress has
been made in the difficult problem of isolating the pure receptor protein
of uterine tissue. Several improvements have been made in the isolation
procedure. Twenty-three preparations of the non-aggregating form of the
nuclear estradiol-receptor complex from calf uteri and 31 preparations
of the calcium-stablized cytosol complex have been carried out, each
yielding 10 to 100 ^/g of highly purified product. In the case of the
nuclear complex, some preparations appear to be homogeneous by poly-
acrylamide gel electrophoresis and analytical ultracentrifugation,
although further criteria of purity are needed. A tentative aminoacid
analysis has been obtained for the nuclear receptor, which has an iso-
electric point of 5.8, a 3205^ of 4.37, a Stokes radius of 36.5 and an
approximate molecular weight of 66,000 daltons. The purfied cytosol
complex, homogeneous on polyacrylamide gel electrophoresis but not on
SDS gel electrophoresis, shows an isoelectronic point of 6.8 and is

clearly distinguishable from the nuclear complex, both on gel electro-
phoresis and on sucrose gradient ultracentrifugation.

Rabbits have been immunized with a highly purified preparation of the
nuclear complex. Preliminary indications of antibody titer in the

rabbit sera await confirmation that should be possible when radioiodination
of the antigen is perfected.

Significance to Biomedical Research and Program of the Institute : This

particular study is an important step in understanding hormone and
possibly anti-hormone action at the cellular level and is directly
relevant to the purposes of the Contraceptive Development Program.

Proposed Course : This is a continuing contractual effort leading

toward the development of new contraceptives and is an integral part of

the contraceptive development program.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Synthesis and Testing of Antifertility Compounds

Contractor: Stanford Research Institute NOl-HD-1-2462

Money Allocated : $108,908 (FY 71), $82,798 (FY 72), $83,647 (FY 73)

$70,000 (FY 74) $99,876 (FY 75)

Ob.jectives

:

The p.uxpose of this project is to synthesize a series of side-

chain silicon-containing steroidal compounds, test their antifertility effect

in animals, and study the metabolism of 17a-triethylsilyethynylestradiol in

rats.

Major Findings: Two compounds, 17a-di-methyl-t-butylsilylesthynylestradiol

and 17a- triethylsilylesthynylestradiol (TESEE) have shown large separations

of posticoital antifertility activity and estrogenic activity in rats. The

JL-atter compound is currently under study in rhesus monkeys and baboons as a

postcoital contraceptive agent. Based upon gonodotropin inhibition studies

in rats and monkeys it does not appear that this steroid offers significant

advantages over ethynylestradiol as an ovulation inhibition. Other side chain

modifications and ring substituted modifications have been synthesized and

are being tested. Tissue distribution, excretion, and metabolic studies on

doubly labeled TESEE are underway in rats.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly relevant to the purposes of the Con-

traceptive Development Branch to support the synthesis and evaluation of

novel steroi-Jal compounds for contraceptive utility.

Proposed Course: Termination. By the end of the contract year (June 21, 1975)

all of the workscope objectives will have been accomplished.

I
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Chemical Contraceptives for the Male and Female

Contractor: Research Triangle Institute (NOl-HD-5-2845)
Money Allocated: $286,000 (FY, 75)

Objectives

:

The purpose of this project is to synthesize (a) 7a-methyl-
androstone and 7a-methyl-19-norandrostone derivatives as female contracep-
tive agents, (b) bicyclic and tricyclic structures possessing the A/B and

A/B/C rings of steroids as potential antiprogestational agents, (c) A-dinor
steroids as antiandrogenic agents and (d) heterocyclic compounds as potential
antispermatogenic agents.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis and evaluation of

unusual skeletal modifications of steroids for contraceptive utility.

Proposed Course: This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development program.
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July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract: Synthesis and Testing of Irreversible Inhibitors of

Uterine Progesterone Binding Factors.

Contractor: Research Triangle Institute -NOl-HD-3-2748

Money Allocated: $64,490 (FY 73) $6:8,490 (FY 74)

Objectives : The objective of this project is to synthesize and test a variety
of derivatives of progesterone which would have the ability to bind to

estrogen and progesterone receptor sites respectively in the target tissue.

Such compounds may be useful as contraceptive agents.

Maj or Findings : A variety of derivatives of compounds known to bind to

the uterine progesterone receptor have been prepared with various lengths

of binding groups (up to 24 atoms) terminating in an arylsulfonyl fluoride.

The 7a-derivative of progesterone and the 17a-derivatives of norgestrel and

norethindrone did not appreciably compete with progesterone for the pro-

gersterone receptor nor was it biologically active ~in vivo . The 17a-

derivatives of medroxyprogesterone showed binding affinities which are approxi-

mately 10% of that of progesterone. Although the 17a-derivatives of norethin-

drone and norgestrel did not bind to the progesterone receptor, the 17B-deri-

vatives ob both of these, compounds exhibited marked affinity for the pro-

gesterone receptor. The 17B-derivatives of norgestrel exhibited binding

affinities which in some cases were somewhat better than that of progesterone

while the binding affinities of the 173-derivatives of norethindrone were
about one-half those of progesterone.

Unfortunately the 173-derivatives exhibited rather pronounced progestational

activity rather than the desired antagonist activity.

Significance to Biomedical Research and Programs of the Institute : The work
undertaken in this project is directly related to the published purpose

of the Contraceptive Development Branch to develop new contraceptive agents.

Proposed Course: Termination as all of the contract objectives have been

completed.

1
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Chemical Contraceptives for the Male and Female
Contractor: Stanford Research Institute (NOl-HD-5-2844)

Money Allocated: $400,000 (FY 75)

Objectives: The purpose of this project is to synthesize (a) 17-deoxy-
estratriene derivatives as postcoital contraceptive agents, (b) a variety
of novel steroids as potential antiandrogens , (c) enzyme inhibitors of
33-hydroxy steroid dehydrogenase and A^3-keto isomerase designed to inter-
fere with various stages of progesterone biosynthesis; enzyme inhibitors
of Cij, 20 lyase designed to interfere with testosterone biosynthesis;
steroids as carriers for enzyme inhibitors of lactate dehydrogenase, gluta-
mate dehydrogenase and malate dehydrogenase as potential antispermatogenic
agents, and (d) aromatic and hetero cyclic compounds as potential antisperm-
atogenic agents.

Significance to Biomedical Research and Programs of the Institute: The work
undertaken in this pTDject is directly related to the published purpose of
the Contraceptive Development Branch of developing new contraceptive agents
for use of the male and female populations.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development program.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract: Structure-Activity Studies of Small Peptides which
Release LH and FSH

Contractor: Tulane University (NOl-HD-2-2713)

Money Allocated: $59,171 (FY 72) , $110,570 (FY 73), $97,414 (FY 74)

$103,339 (FY 75)

Objectives ; The purpose of this project is to biologically evaluate new

synthetic polypeptides, which may affect the reproductive system, based upon

structural modifications of the decapeptide, LH-RH/FSH-RH (LRF)

Major Findings : To develop a more effective LH-RH analog anatognist , LH-RH

peptides have been prepared with modifications which either increase (LH-RH C

Terminal modification, desGly^°-Pro-ethylamide (EA) and/or substitution of

D-Ala in position 6) or decrease (substitution of different amino acids in

position 2 and 3) LH-RH activity. LH-RH antagonist activity has been deter-

mined in vitro (LH-RH dose, 0.3 myg/ml medium) and in vivo (LH-RH dose,

lOOmyg iv) . Analogs that had LH-RH antagonist activity in vitro also act

as antagonists in vivo . Both LH and FSH release were inhibited by the analogs

in vitro . The in vivo LH-RH and FSH response is so small in the systems that

have been used that it has not been possible to evaluate the effect of the

analogs of FSH release. The importance of the above combined modifications
is indicated by the LH-RH analog antagonist activity of the following: Leu^,

Leu^ -LH-RH inhibited the in vitro LH and FSH activity of LH-RH at 100 ug/ml
medium, Leu^, Leu"* ,D-Ala^-LH-RH at lOug and Leu^ , Leu^ ,D-Ala^ ,des Glyl° -

LH-RH EA at l^g. Ten y^ of the latter analog also significantly inhibited
the in vivo LH-RH response. Further LH-RH antagonist studies were performed
by determining the effect of changes in the dual amino acid substitutions at

positions 2 and 3. In parentheses are the dosages /ml medium of some of the

more active peptides that were synthesized that inhibited the LH-RH response.
Val^ ,Leu3 ,D-Ala^-LH-RH EA (lOyg) ; Ileu^ ,Leu3 ,D-Ala^-LH-RH EA (lOyg) ; Abu^
Ala3, D-Ala^-LH-RH EA (lOyg) ; Thr^ , Leu^-LH-RH (lOyg) ; Leu^ , NVal^, Ty-Ala^ -

LH-RH-EA (lyg) and Phe^ ,Leu3 ,D-Ala6-LH-RH (lyg) . Interesting is that DPhe^

,

Leu^, D-Ala^-LH-RH had no antagonist activity and lOOyg/ml had both Lh andFSH
agonist activity. Also the sequence of these dual changes in positions 2 and
3 were important since VAl^', Leu^ , D-Ala^- LH-RH had more antagonist activity
than Leu2,Leu-^,D-Ala^-LH-RH. In conclusion, these results indicate the
importance of the changes at positions 2, 3, and 6 of LH-RH as well as at the
C-terminus in designing LH-RH analog antagonists. Presently, the most promis-
ing LH-RH analog antagonists are Thr^ , Leu^-LH-RH and Phe^ , Leu-^-D-Ala -LH-
RH. The former already has in vitro antagonist activity at lOvg without
changes at position 6 (D-Ala^r D-Leu^) or at the C terminus (EA) and the
above Phe analog without D-leu at position 6 or EA at the C terminus slightly
inhibits the LH-RH-LH response at 100 myg/ml medium.

<

I

1

^
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Significance to Biomedical Research and Program of the Institute ; The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis and evaluation of LRF
analogs for contraceptive utility.

Proposed Course ; This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development.
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NICHD ANNUAL REPORT

July 1, 1974 through July 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Synthesis and Testing of Potential Inhibitors of

Luteinizing Hormone Releasing Factor

Contractor: Indiana University Foundation (NOl-HD-3-2732)

Money Allocated: $98,462 (FY 73) two years, $66,042 (FY 75)

Objectives : The purpose of this project is to synthesize potential in-
'

hibitors of luteinizing hormone releasing hormone (LRF) in which unnatural

and unusual amino acids are to be substituted for certain natural amino

acids in LRF.

Major Findings : [L-B-naphthylalanine]^LH-RH was synthesized and found to

have potent LH-RH (agonist) activity. Based upon the known antagonism of

des His2 LH-RH, des His^ [3-(2-naphthyl)-L-Ala3 ,D-Ala^ ] LH-RH and des His^

(3-(2-naphthyl)-L-Ala2]-LH-RH were synthesized and found to have very potent

LH-RH antagonist activity in vitro and in vivo . Both of these compounds are

currently being tested for ovulation inhibition activity in rats. The synthesis

of other analogs incorporating D-3-(2-naphthylalanine into the 2 and for 6

positions of LH-RH has been completed and these compounds are being assayed

as potential antiovulatory agents.

Significance to Biomedical Research and Program of the Institute: The work

undertaken in this project is directly relevant to the purposes of the

Contraceptive Development Branch to support the synthesis and evaluation i

of potential inhibitors of LRF for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort

leading toward the development of new chemical contraceptives and is an

integral part of the contraceptive development program.

i
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NICHD ANNUAL REPORT
July 1, 19 74 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Production of New Type of Contraceptives Based on
Derivatives of Luteninizing Hormone-Releasing Hormone
(LH-RH)

Contractor: Tulane University (NOl-HD-2-2741)
Money Allocated: $51,716 (FY 72) $71,000 (FY 73), $197,000 (FY 74), 2 years

Objectives

!

The purpose of this project is to prepare and evaluate bio-

logically decapeptide analogs of LH-RH which involve modifications of various
amino acid residues in order to produce an inhibitor of LH-RH (LRF)

.

Major Findings : The most effective competitive inhibitors which have been

synthesized thus far are based on a number of superactive gonadotropin re-

leasing peptides containing D-amino acids in position 6 of the decapeptide
sequence. A series of analogs was synthesized in which an increase in the

lipophilic character of the side chain of the position 6 amino acid appeared
to coincide with an increase and prolongation of biological activity in vivo :

D-Glu^, 180% LH-RH activity; D-Lys^, 300%;D-Ala6,700%; D-Leu^, 900%; D-Phe^,

1000%; D-Trp^, 1300%. Making use of this observation, a considerable number

of highly active and long-acting competitive inhibitors of LH-RH were prepared

in which the histidine residue in the most potent of the gonadotropin-releas-

ing analogs was deleted or replaced by D-Phe. For determining in^ vivo antag-

onism, potential inhibitors (200 yg/rat) together with LH-RH (100 and 200 ng/

rat) were injected sc into immature male rats and serum LH and FSH levels were

determined by radioimmunoassay 30 min later. The percentage of inhibition

of LH release produced by Des-His^.D-Leu^-LH-RH, D-Phe2,D-Leu^-LH-RH; D-Phe^,

D-Phe^-LH-RH was 79%, 61%, and 77%, respectively. However, the percentage

of inhibition of D-Phe2,D-Phe6-LH-RH increased to 91% when the LH-RH was

injected 30 min after its administration. FSH release was also inhibited

to a similar extent. When the inhibitory effects of these peptides were

screened over a prolonged period of time at dose of SOOyg/rat, D-Phe^,

D-Leu^-LH-RH, and D-Phe2,D-Phe^ -LH-RH were found to be considerably more

potent than Des-His2,D-Leu^-LH-RH. The peak of maximum inhibition for both

peptides occurred at 30-60 min (D-Phe^ .D-Leu^-LH-RH: 81%, and D-Phe^.D-Phe^-

LH-RH: 88%), and the effect lasted for at least 6 hr. Although D-Phe^ ,D-Phe^-

LH-RH showed some intrinsic LH-RH activity at 30-60 min, it was apparently

the most active and long-acting analog. When given to cycling hamsters on

the afternoon of proestrus, D-Phe^ ,D-Leu^-LH-RH gave 82% suppression of the

pre-ovulatory LH surge and partial inhibition of ovulation. Those peptides

which were active in the in vjLvo systems also gave inhibition of LH-RH in-

duced LH release in vitro. The most potent peptide D-Phe^-D-Phe^-LH-RH pro-

duced significant inhibition of LH-RH at a molar ratio of 30:1.

Very significantly, D-Phe2-Phe3-D-Phe5-LH-RH was found to completely block

ovulation in 4-day cycling rats at a dose of Img injected sub cutaneously at

12:00 noon, 2:30 p.m. and 5:00 p.m. on the day of proestrus. It appears to

be somewhat more effective than D-Phe^-D-Leu^-LH-RH. Larger quantities

(gram amounts) are being prepared for baboon studies.
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Sisnificance to Biomedical Research and Program of the Institutes : The work

undertaken in this project is directly relevant to the purposes of the

Contraceptive Development Branch to support the synthesis and evaluation of

LRF analogs for contraceptive utility.

Proposed Course: This is expected to be a continuing contractual effort

leading toward the development of new chemical contraceptives and is an in-

tegral part of the contraceptive development program.

i
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Synthesis of Prostaglandin Analogs for Biological Studies

Contractor: University of Chicago NOl-HD-Zf-2801

Money Allocated: $46,675 (FY 71), $20,943 (FY 72), $48,502 (FY 73)

$137,968 (FY 74), 2 years

Objectives : A major objective of this project is to synthesize several

of the more promising prostaglandin analogs in small gram-quantities for

evaluation as luteolytic agents in monkeys and further biological studies

of the effects of these substances on reproductive processes. Another

objective of this project is to continue to prepare prostaglandin-like

compounds in chemically pure form and in sufficient quantities for evaluation

as antifertility agents in animals.

Major Findings: The preparation of 13-dehydro PGF2a(I) and ent-13-dehydro-

15-epi-PGF2ct(II) in gram quantities has been completed. Difficulties have

been encountered in the synthesis of 16-fluoro-13-dehydro-PG's primarily

due to the elimination of hydrogen fluoride during base treatment in pre-

paring the alane reagent as well as in the Wittig reaction, but large scale

synthesis of these compounds will be underway shortly.

Comparisons of I and II with PGF2 in the sheep are being made to determine

their effect on uterine stimulation versus luteolysis. Compound I is at

least 2.5 times more active as a luteolytic agent than as a uterine con-

tractant when compared with PCFj^jWhereas compound II is about equal to

PGF2ain luteolytic potency but about 100 times less active than PGF2a as a

uterine contractant. I and II are also currently being studied for luteolysis

effects in baboons and cattle.

Significance to Biomedical Research and Program of the Institute: The work

undertaken in this project is directly relevant to the purposes of the

Contraceptive Development Branch to support the synthesis and evaluation of

prostaglandin analogs for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort

leading toward the development of new chemical contraceptives and is an

integral part of the contraceptive development program.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Synthesis of 12c.-Methyl Prostaglandins Related to
PGF„

2a

Contractor: University of Pittsburgh (NOl-HD-3-2737)

Money Allocated: $72,736 (FY 73) for two years, $21,180 (FY 75)

Objectives: The purpose of this project is to synthesize 12a-methyl PGF2ct
and 12a-methyl-153-methyl-PGF2p,and to test these compounds for antifertility
activity. The extra methyl group may serve to block one of the pathways of
elimination of the lic-hydroxy group in the prostaglandins. This novel
structural modifications would be important to study insofar as structure-
activity relationships of the prostaglandins are concerned.

Major Findings: The total synthesis of 9-deoxy-12g-methyl-ent-PGF?rvhas been
completed. The key intermediate for this compound can serve, in its enantio-
meric form, as the precursor of the desired end product, 12 ct-methyl PGF2(^,

after introduction of the C-9a hydroxyl substituent which will be masked as
a lactone and hence resemble the Corey intermediate. This synthetic scheme
is now in progress.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly relevant to the purposes of the
Contraceptive Development Branch to support the synthesis and evaluation of
prostaglandins and related analogs for contraceptive utility.

Proposed Course : Termination on November 30, 1975 as the workscope objectives
will have been completed.

i
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Synthesis of Luteolytic Prostanoids.
Contractor: University of Washington ( NOl-HD-4-2839)

Money Allocated: $55,316 (FY 74), Eighteen months

Objectives : The purpose of this project is to synthesize prostaglandin
analogs based upon the "hairpin" model, as potential luteolytic agents, and
test these compounds for antifertility activity.

Maj or Findings : Two analogs, ent-15-epi-PGF2g(a diastereamer of PGF2(^\ g^^^j

17,17 ,-dimethyl-PGF2 have been prepared by methods previously employed for
prostaglandin synthesis. Progress is being made towards the synthesis of

the remaining desired analogs, ent - 11, 15-epi-PGF2g 16, 16-spirobutane-
PGF2c( and 18, 18-dimethyl-w-homo-PFG2(j which will involve a common inter-
mediate for the latter two compounds as well as for 17,17-dimethyl-PGF2 .

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis and evaluation of

prostaglandins and related analogs for contraceptive utility.

Proposed Course ; This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development program.
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WICHD ANOTJAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : New Methods of Fertility Regulation: Specific Binding of
Luteinizing Hormone to Cells of the Corpus Luteum and
Inhibition of this Process

Contractor : University of Texas - Houston, Texas (NOl-HD-9-2221)
Money Allocated : $119,3^0 (FY 69) for three years ; $8i+,l87 (FY 72);

$19,75^ (FY 73); $11+7,282 (FY 7h) for two years

Objectives : The objectives of this contract are twofold: (l) to complete the
preparation and characterization of ovine luteinizing hormone subunits for
distribution to other investigators via the Center for Population Research;
(2) to prepare new derivatives of LH and its subunits and evaluate these
derivatives using a radioligand assay.

Major Findings : Ovine LH subunits are presently being distributed to inter-
ested investigators

.

Acylation of intact LH invariably leads to an essentially complete inactiva-
tion of the hormone when assessed by either the OAAD or the radioligand assay.
Acylation of the oC-subunit interfered with subunit-subunit recombination,
whereas, acylation of the /3 - subunit does not. Acylation of the (X-subunit
drastically reduced spceific binding of the reconstituted hormone derivative
to the hormone receptor as measured in the radioligand assay. Receptor site
binding and biological activity are destroyed if acylation of the /9-subunit
substitutes amino fractions with an acidic function such as maleyl or
succinyl group. The y5 -subunit may be acylated with a neutral group (carbamyl,
acetyl) or basic group (acetamidino, guanidino) without complete loss of
biological activity. This fact is being used for bromoacetylation derivative
which is anticipated to react irreversibly to block LH receptors.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch to elucidate the mechanism of action of
the pituitary hormones

.

Proposed Course : This is a continuing contractual effort leading toward
the development of new contraceptives and is an integral part of the contra-
ceptive development program.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: The Synthesis and Testing of Prostaglandin Synthetase
Inhibitors with Potential Antifertility Activity.

Contractor: Stanford Research Institute (n01-HD-4-2832)
Money Allocated: $99,710 (FY 74), $13,406 (FY 75)

Objectives

:

The purpose of this project is to synthesize potential prosta-

glandin synthetase inhibitors as potential antifertility agents, specifically
as ovulation inlriibitors. The structures to be synthesized are tri-unsaturated
C-20 acid ana^logs of the prostaglandin precursor ^ -homolinolenic acid, carry-

ing alkyl groups in strategic positions so as to interfere with or prevent
the formation of known intermediates in the prostaglandin biosynthesis.

Major Findings: A multistep synthesis starting with propargyl alcohol
has been completed and has yielded 70mg of 11-methy1-cis , cis , cis- 8 , 11 , 14-

eiocosatrienoic acid, one of the target compounds. This compound will undergo
biological evaluation shortly. Other targeted compounds are in various
stages of chemical development.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis and evaluation of

prostaglandins and related analogs for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort
leading towaid the development of new chemical contraceptives and is an
integral part of the contraceptive development program.

159



NICHD ANNUAL REPORT
i

July 1, 1974 through June 30, 1975 I,

Contraceptive Development Branch !

Contract and Collaborative Research

Contract Title: The Synthesis of Potential New Agents for the Control ;

of Fertility
Contractor: University of Rhode Island (NOl-HD-2-2709)

I

Money Allocated: $29,660 (FY 72), $45,700 (FY 74) i

Objectives : The purpose of this project is to prepare 9(10->19) abeo-steroids

(substances related to 19-nor steroids but having an extra methylene group

between ring A and C) and to test their antifertility and hormonal effects
j

in rats. I

Major Findings : The synthetic sequence involved ring construction of the

nucleus in the following order I>>C->A-^B. Once the nucleus was made, attention

was directed to the preparation of target compounds of which 9(10^19) abeo-

estradiol, its 3-methyl ether and 17a-ethynyl derivative were obtained and
|

submitted for testing. Biological data available to date indicate weak !

estrogenocity for this class of compounds with concommitant weak post coital

antifertility activity. X-Ray crystallography studies show that in comparing

estradiol with the 9(10->19) abeo-estradiol, the A-ring of estradiol bows

toward the g-face while the A-ring of the abeo structure bows towards the

ct-face. In addition, if the C- and D-rings of estradiol and abeo-estradiol

are overlapped the oxygen atom in the abeo structure is displaced from its

normal position in estradiol. When considered in the light of steroid-receptor

interactions, the results of these X-ray studies may explain why abeo-estradiol ^

has relatively weak biological activity.
[

Significance to Biomedical Research and Program of the Institute ; The work

undertaken in this project is directly relevant to the purposes of the Con-
j

traceptive Development Branch to support the synthesis and evaluation of '

steroidal compounds for contraceptive utility.

Proposed Course : Termination by September 1975 since the synthesis of i

abeoprogesterone and abeotestosterone should be completed by then and the

contract objectives will have been completed.

i
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NICHD ANNUAL REPORT
July 1, 197A through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Contract Program for Obtaining, Synthesizing, and
Testing Antifertility Compounds

Contractor: Hazleton Laboratories (NOl-HD-2-2717 )

Money Allocated: $A4,800 (FY 72) $49,916 (FY 74)

Objectives : The purpose of this project is to determine the period of

maximum contraceptive efficacy of a pure quaternary ammonium salt in

dogs and initiate a contraceptive nonhuman primate study using the same

pure quaternary ammonium salt.

Major Findings :

The final study in dogs was designed to determine when during the

preimplantation period trimethylstearylammonium chloride exerts its

effect. Consequently, the 21 day post mating period was divided arbi-

trarily into 3 seven day periods (0-7, 7-14, 14-21) and the material was

fed to the animals during one of the three periods. The results indicated

that all five control bitches become pregnant, 2 of 5 bitches in the 0-7

day group became pregnant, none of five bitches in the 7-14 day group

became pregnant and 3 of 5 bitches in the 14-21 day group became pregnant.

Although the number of animals involved is small, it would appear that

of the three periods examined, the compound is most effective during the

7-14 post mating period.

A contraceptive study employing trimethylstearylammonium chloride was

initiated in rhesus (Macaca mulatta) monkeys. Using nasal gastric

intubation and administering the quaternary ammonium compound twice a

day for 18 days beginning on the second day of exposure, it was found

that a dose of 15 mg/kg produced definite toxicity (reflected in diarrhea

and loss of weight), a dose of 10 mg/kg was marginally toxic while

5mg/kg was-well tolerated. The compound may have some antifertility

properties (resportions observed) at the 5 mg/kg level but an insufficient

number of control animals became pregnant. In any case, it is obvious

that the quaternary ammonium compound is not as efficacious in monkeys

as it is in dogs.

Significance to Biomedical Research and Program of the Institute : The

work undertaken in this project is directly relevant to the purposes of

the Contraceptive Development Branch to support the synthesis and evaluation

of novel chemical agents for contraceptive utility.

Proposed Course : Termination
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Synthesize and Furnish Steroidal Compounds with Anti-
fertility Activity

Contractor: Laval University (NOl-HD-2-2714)

Money Allocated: $110,772 (FY 72) - for two years, $60,699 (FY 74),

$34,000 (FY 75)

Objectives

:

The purpose of this project is to synthesize 11-oxa analogs

of certain contraceptive drugs for biological evaluation of their effects

on the reproductive system.

Major Findings : Preliminary biological evaluation indicated that 11-oxa-
progesterone had enhanced ovulation inhibiting activity and reduced progesta-
tional activity on subcutaneous administration when compared with progesterone.
It was subsequently found that whereas 11-oxaprogesterone exhibited marked
ovulation- inhibiting activity in rabbits in which ovulation is stimulated
with copper acetate, it was devoid of ovulation inhibitory activity in rats
and in rabbits in which ovulation was mating-induced, it was effective at

dose levels significantly higher than those at which progesterone is active.
ll-0xa-17a-acetoxyprogesterone shows only very weak oral progestational
activity in the Clauberg test, approximately one-eightieth that of 17a-
acetoxyprogesterone. 11-Oxa-estradiol shows only extremely weak uterotropic
activity less than one- thousandth that of estradiol. 11-Oxatestoaterone
shows significant activity on the seminal vesicles, on the ventral prostrate
and in the levator ani test, although it is in the first two assays somewhat
less active than testosterone. It thus appears that the substitution of

oxygen for carbon at position 11 in steroids has a general suppressant effect
on hormonal activity without retaining desirable antifertility properties.
Several more 11-oxa steroids remain to be tested.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the
Contraceptive Development Branch to support the synthesis and evaluation of
steroidal compounds for contraceptive utility.

Proposed Course : The contract is scheduled for termination on November 30,
1975 by which time the syntheses of the desired compounds will have been
completed.

I

i
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Novel Steroidal Gestagens

Contractor: University of Illinois at Chicago Circle (NOl-HD-3-2750)

Money Allocated: $30,033 (FY 73), $11,500 (FY 74)

Objectives : The purpose of this project is to synthesize ring B bicyclo

[2.2.0] hexene derivatives of progesterone and ring A/B cyclopane deriva-
tives of progesterone, which may have the ability to compete with pro-

gesterone for the receptor protein and thereby act as antiprogestational
agents.

Major Findings : Conversion of 9a, 10a-pregna-B-bicyclo[2. 2.0]hexene-36-ol-
20-one acetate into 9a,10a-pregna-B-bicyclo[2.2.0] hexene-3,20-dione was
successfully carried out. The latter compound was found to be inactive
as a progestational agent and as an antiprogestational agent.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purpose of the Con-
traceptive Development Branch to support the synthesis and evaluation of

novel steroidal compounds for contraceptive utility.

Proposed Course: Termination
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Synthesis of Ring-A Bi-and Tricyclo Steroids with Potential
Antifertility Activity

Contractor: Stanford Research Institute (NOl-HD-3-2743)
Money Allocated: $55,543 (FY 73), $35,201 (FY 74)

Objectives

:

The purpose of this project is to synthesize steroids containing
bridged bi- and tricyclo systems in ring--A, which will result in alteration i

of the binding of the steroid to the receptor protein. These compounds will !

be tested for antifertility activity. I

Major Findings : Several ring A Tricyclo-17a-ethynylated steroids have been
j

synthesized as well as la-vinyl-17a-ethynyltestosterone and will undergo
biological evaluation shortly A bicyclo[2. 2.0] hexene derivative with a
2,5-zero bridge has been prepared and work has been started on a bicyclo
[2. 2. 0]hexane with a 1,4-zero bridge.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly relevant to the purposes of the Con-

i

traceptive Development Branch to support the synthesis and evaluation of
novel steroidal compounds for contraceptive utility.

Proposed Course: Termination.
i

i
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Synthesis of Steroidal Compounds Possessing a Bridged
Bicyclic A-ring with Potential Antifertility Activity

Contractor: Research Triangle Institute (NOl-HD-3-2747)
Money Allocated: $26,860 (FY 73), $26,683 (FY 74)

Objectives

:

The purpose of this project is to synthesize bicyclo [2.2.0]

hexene derivatives of steroids possessing the zero bridge between carbon
atoms 1 and 4 and test these compounds for antifertility activity.

Major Findings : A ten-step synthesis of A-ring bicyclo [2.2.0] hexyl steroid

starting with estrone has been carried out successfully to the penultimate

stage. A noteworthy intermediate in the synthesis is A-nor-5,10-carbonyl-
dioxy-5 , (10)-estrene-17-ol-acetate which can serve as a precursor to a

variety of unique A-ring steroids. This compound was tested as an anti-

androgenic agent but was found to be inactive. A subsequent intermediate, an

A-ring cyclobutadiene steroid iron tricarbonyl complex, should theroetically

be convertable to many suitability substituted A-ring bicyclo- [2. 2.0 ]hexyl

steroids and this conversion is the last step in the synthetic sequence. In

the case of this last step it has been shown that the reaction can be success-

fully carried out on a model system.

Significance to Biomedical Research and Program of the Institute: The work

undertaken in this project is directly relevant to the purposes of the Con-

traceptive Development Branch to support the synthesis and evaluation of

novel steroidal compounds for contraceptive utility.

Proposed Course: Termination.
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Study of Compounds for Inhibition of Spermatogenesis
Contractor ; The Childrens Hospital of Philadelphia (NOl-HD-3-2746)

Money Allocated : $23,843 (FY 73) $35,000 (FY 74)

Objectives : Certain steroidal compounds have been found, in vitro , to
selectively block testicular conversion of pregnenolone to testosterone,
but not adrenal conversion to corticosterone. It is the objective of this
contract to study these compounds in vivo for testicular pregnenolone in-
hibition and subsequent blockage of spermatogenesis.

Major Findings: Correlations of the effects on adult male rat fertility
were made for six synthetic steroids: I: 3-cyano-A-^-5a-androsten-17-one;
II: the 173-acetate of I; III: 173-hydroxy-5a-cycano-androstan-3-one; IV:

6 methyl-pregnenolone; V: 17B-hydroxy, 17ot-ethinly-19 nor-5acyano-androstan-
3 one; and VI: 19-norspiroxenone. After six weeks treatment with daily doses
of 5 mg (I, II, II); 15 mg (IV) or 10 mg (V VI) only VI reduced the ratio
of stage 10 to 18 spermatids to pachytene spermatocytes to zero and the
number of fetuses sired in at least 5 females per male to zero. VI also
diminished seminal vesicle and prostate and testicular and epididymal weights.
It inhibited the testicular enzymes, 33-hydroxy-A^-steroid dehydrogenase 17a-
hydroxylase and Ci7-2olayse markedly, but did not affect the adrenal enzyines.
It also depressed testicular and serum levels of testosterone and 5a-dihydro-
testosterone measured by radioimmunoassay strikingly, and reduced pituitary
and serum levels of FSH and LH also determined by radioimmunoassay. Although
marked depression of target organ weights also occurred with II, IV and V
and of circulating androgen levels and LH also with III, IV and V, only VI
was a potent blocker of male fertility with the exception of a slight block
of the production of viable fetuses by IV and V and of a slight reduction in
spermatogenesis by V. The major difference in site of action of VI from
the others is the depression of pituitary and serum levels of FSH along with
a marked diminution of testicular content of both testosterone and 5a-dihydro-
testerone. It was concluded that VI (19-norspiroxenone) in the rat is a
potent antiestrogen without estrogenicity and it is antiuterotrophic and
thus, the striking block of sperm division and maturation by VI associated
with the unique depression of FSH suggests that it may affect male fertility
by virtue of its potent antiestrogenic action in the hypothalamus or testis.

Significance to Biomedical Research and Programs of the Institute: The work
undertaken in this project is directly related to the published purpose of
the Contraceptive Development Branch of developing new contraceptive agents
for use of the male population

Proposed Course: Termination. All of the workscope objectives have been
accomplished.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: The Synthesis of Novel Steroids with Potential
Antifertility Activity

Contractor: Temple University (NOl-HD-3-2749)

Money Allocated: $26,990 (FY 73), $6,455 (FY 74)

Objectives : The purpose of this project is to synthesize novel spiro steroids,

ring A bicyclo [3.2.0] heptanes, and cycloproply steroids. These compounds

will be tested for antifertility activity.

Maj or Findings

:

The original androgenic assay on (10S)-17B-acetoxy-3,10-

cyclo-3,4-seco-estra-4,9(ll)-diene-l-one showed no aadrogenic activity.

A second sample of the compound showed significant antiandrogenic activity

Although ORD data has been interpreted as indicating a 10-R configuration.

X-ray analysis showed that this material has a 10-S configuration. In order

to confirm the antiandrogenic activity, further samples were synthesized but

were found to be devoid of antiandrogenic activity. The crude reaction

mixture was also tested but found to have no antiandrogenic activity. The

next higher homolog 17a-ethynyl-173-hydroxy-d,19-cyclo-3 ,4-sico-lO -androst-

4-3n-l-one has been synthesized via the use of photochemistry. Photolysis

of the tropone steroid has afforded 1,4-cyclosteroid in about 10% yield

together with other products but not in sufficient quantities for biological

testing.

Significance of Biomedical Research and Program of the Institute: The work

undertaken in this project is directly relevant to the purpose of the Con-

traceptive Development Branch to support the synthesis and evaluation of

novel steroidal compounds for contraceptive utility.

Proposed Course : Termination in the absence of significant biological

activity for these compounds.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Non- Steroidal Nithroheterocycles with Potential Antiferti-
lity Activity

Contractor: Rensselaer Polytechnic Institute (NOl-HD-3-2735)
Money Allocated: $32,458 (FY 73), $8,600 (FY 74)

Objectives : The purpose of this project is to synthesize several series
of five-membered heterocycles containing electron withdrawing substituents
for evaluation as possible antifertility agents.

Major Findings : Several nitrosubstituted heterocycles including representa-
tives of the pyrrole, pyrazole and imidazole ring systems have been synthe-
sized for evaluation as male antifertility agents. In the pyrrole series,
other electron withdrawing group such as a carbethoxy group was included
as substituents. In addition to calssical direct nitration procedures,
1, 3-dipolar cyclo addition reactions utilizing nitrohalo olefins were used
to synthesize representatives of the pyrrole and pyrazole series. Evalua-
tion of these nitro substituted heterocycles in a male antifertility screen
resulted in no significant activity.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purpose of the
Contraceptive Development Branch to support the synthesis and evaluation
of non-steroidal heterocycles for male contraceptive utility.

Proposed Course : Termination.

!
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Contract and Collaborative Research

Contract Title: Synthesis of Novel Steroids for Fertility and Population
Control

Contractor: University of South Carolina (NOI-HD-3-2734)
Money Allocated: $71,963 (FY 73) for two years

Objectives : The purpose of this project is to synthesize pentacyclic
analogs of known effective contraceptive steroids which, due to the unique
conformational changes imposed by the introduction of bridged rings in either
A or ring D, could competitively inhibit progesterone at the receptor site
and result in an antiprogestational compound. These compounds will be tested
for antifertility activity.

Major Findings : An efficient synthesis of the tetracyclic enone, 18-nor-
D-homo-estra-l,3,5(10) ,13-tetraen-17a-one and its ethylene photo adduct,
(+)3-methoxy-13 3,14B-ethano-8B,r' g-D-homoestrone, has been developed to
provide large quantities of material in good overall yields. The exact
stereochemical assignment of the latter was based on X-ray crystallographic
analysis. Acid-catalyzed isomerization of 3-methoxy-13 B,14g-ethano-r;3,
9 0-D-homestrone gave the corresponding B/C-cis-fused 13a,14a-propanoestrone.
The cis-syn cyclobutane compound, 3-methoxy-13 3, 14B-ethano-D-homestrone was
converted into the trans-syn epimer in which the B/C fusion is 9a, 8 3(hydro-
gens) by NBS bromination and tri-n-butyltin hydride hydrogenolysis. Con-
version of 3-methoxy-13B, 14B-ethano-D-homo-estrone into the trans-anti
epimer, in which the hydrogens at the B/C fusion are 9 3, 8a, was accomplished
by DDQ dehydrogenation toA^(^)-propellanone, then chemical reduction with
Na-NH3. Further dehydrogenation of A^(")-propellanone by DDQ gave the
equilenin derivative, A^, A^-propellanone.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis and evaluation of
novel steroidal compounds for contraceptive utility.

Proposed Course: This is expected to be a continuing contractual effort

leading toward the development of new chemical contraceptives and is an

integral part of the contraceptive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Novel Steroids as Potential Antifertility Agents

Contractor: The John C. Sheehan Institute for Research, Inc.

Money Allocated: $27,072 (FY ,73) $32,510 (FY 74) (NOl-HD-3-2733)

Objectives : The purpose of this project is to synthesize a new class of

steroidal compounds with a cyclopentane ring fused at C^ and C5 as

potential antifertility agents.

Major Findings : The synthesis of 4,6-ethano-estradiol has been synthesis

via a partial synthetic route starting with estrone. The assignment of

the stero- chemistry at the C-6 position will have to await an x-ray

crystallographic determination. The compound showed very weak estrogenic

activity relative to estradiol and very weak antiestrogenic activity. The

17a-ethynyl derivative of 4,6-ethanoestradiol has also been prepared.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly relevant to the purpose of the Con-

traceptive Development Branch to support the synthesis and evaluation of

novel steroidal compounds for contraceptive utility.

Proposed Course : Termination. The major workscope objectives have been
accomplished.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Synthesis and Testing of Antifertility Compounds

Contractor: IIT Research Institute (NOl-HD-4-2836)

Money Allocated: $14,888 (FY 74)

Objectives : The purpose of this project is to synthesize base-substituted

steroidal hormonal agents and sparingly soluble complexes thereof utilizing

a polyvalent metal ion, such as Zn++ or Al"""!"^, and a polybasic acid, initially

tannic acid. These metal complexes will serve as long-acting depot prepara-

tions for intramuscular injection. The base-substituted steroids will also

be tested for antifertility activity and other hormonal effects.

Major Findings : A basic ester of ethynylestradiol and a basic oxmes of

norethindrone showed hormonal activity (approximately 20% of the parent)

while the basic oxime of testosterone was not significantly active. Zinc

tannate and aluminum tannate complexes of the ethynylestradiol derivative

did show extended and erratic duration of activity but they do not appear

to be sufficiently long-acting to warrant further investigation. Further

biological testing is in progress.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly relevant to the purpose of the Con-

traceptive Development Branch to support the synthesis and evaluation of

novel steroidal compounds for contraceptive utility.

Proposed Course: Termination. The contract objectives have been completed.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Blastocidal and Spermicidal Action of Extracts and
Compounds from Enod (Phytolacca Dodecandra )

.

Contractor: Stanford Research Institute (NOl-HD-4-2833)
Money Allocated: $45,588 (FY 74), $29,768 (FY 75)

Objectives : The purpose of this project is to isolate, purify and
characterize the various blastocidal and spermicidal active components
extracted from phytolacca dodecandra , including oleanoglycotoxin-A, -B,
and -C. These purified components will be evaluated for blastocidal and
spermicidal activity.

Major Findings :

Oleanoglycotoxin-A, lemmatoxin, and lemmatoxin C-C' have been isolated
from P^. dodecandra by means of a series of repeated silica gel chromato-
graphic procedures. Structure, identity, and purity of each isolated
compound were established by TLC in at least three solvent systems,
comparison of 300 MHz Hi NMR and MS spectra with previously published
data, and by 100 MHz Cl3 jq^R in the case of lemmatoxin. It was found
that the crude extract, oleanoglycotoxin-A, and lemmatoxin have blasto-
cidal activity when administered in utero on Day 4 of pregnancy and on
Day 6. All three substances were active on Days 4 and 6 of pregnancy
down to the lowest levels tested to date. In addition to the above
findings, it was shown that the three substances and lemmatoxin C-C'

have contraceptive activity, as determined by administration in utero on
Day 1 of pregnancy. The crude extract of P^. dodecandra showed anti-
fertility activity when administered subcutaneously at 20 to 25 mg/kg
body weight for two or three days. This dosage also displayed some
toxicity. When administered orally at 400 mg/kg body weight for seven
consecutive days, the crude extract was not active, and no toxicity was
observed. Intravaginal administration of the crude extract in a gum
tagacanth base at 75 mg/kg body weight during the first seven days of
pregnancy was also ineffective and apparently nontoxic.

In vitro tests with human sperm established that the crude extracts of

Phytolacca dodecandra and lemmatoxin had spermicidal activities.
Lemmatoxin-C showed spermicidal activity against rat epididymal sperm.

Significance to Biomedical Research and Program of the Institute : The
work undertaken in this project is directly relevant to the purposes of

the Contraceptive Development Branch to support the synthesis and evaluation
of novel chemical agents for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Synthesis of Seco and Nor Analogs of Norethindrone and
and Progesterone

Contractor: Oregon Graduate Center (NOl-HD-4-2860)

Money Allocated: $33,921 (FY 74)

Objectives : The purpose of this project is to synthesize certain Seco and
Nor analogs of norethindrone and progesterone as antifertility agents. It

is hoped that the rotational freedom of the A ring will lead to slower
enzymatic reduction of the unsaturated ketone system and hopefully lead to

increased biological activity. '15.- -T

Maj or Findings

:

The approach to the synthesis of the 19-nor-7-seco, nor-
compounds involves degradation of a 19-substituted steroidal precursor. De—
hydroepiandrosterone is converted to androsta-l,4,6-triene-3,17-dione, then
rearranged to l-methyl-estra-l,3,5(10) ,6-tetraene-3-ol-17-one. The 3-hydroxyl
group is converted to its 0-methyl ether and the 6-olefin is then cleaved
to a dialdehyde. Studies are underway to effect decarbonylation of the
dialdehyde compound to 7-seco,nor-estranes which will subsequently be sub-
jected to Birch reduction to afford 19-nor-7 seco, nor analogs of norethin-
drone. An identical route is being used for the preparation of the 19-nor-
progesterone analog. ' j -

For the synthesis of 7-seco, nor-testosterbne and progesterone, B-nor-5-ene
steroids are first prepared from 3-ol-5-ene precursors. Thus dehydroepian-
drosterone-3-acetate and pregnenolone-3-acetate are converted to their
corresponding 5,6-epoxide. Chromium trioxide oxidation of the oxiranes yields
5-hydroxy-6-keto compounds, which are then cleaved to keto acids with per-

benzoic acid. Treatment of the keto-acids with benzoyl chloride in pyridine
affords 6-lactones which on pyrolysis produces B-nor-5-ene-steroids in overall
high yield. Ozonolysis of the 5-ene compound with reductive workup gives a

6-nor, seco-keto-aldehyde compound. Studies are underway to decarbonylate

the aldehydes. Once this is accomplished, methylation followed by oxidation
will yield the 7-seco, nor-analogs of progesterone and testosterone.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly relevant to the purposes of the Con-

traceptive Development Branch to support the synthesis and evaluation of

unusual skeletal modifications of steroids for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort

leading toward the development of new chemical contraceptives and is an

integral part of the contraceptive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: The Synthesis and Testing of Some Novel ll-Oxa-16-
Substituted Corticosteroids as Potential Antifertility
Agents.

Contractor: Southwest Foundation for Research and Education(N01-HD-4-2834
Money Allocated: $102,028 (FY 74), Eighteen months.

Objectives: The purpose of the project is to synthesize a variety of 11-oxa-
16-substituted corticosteroids as potential antifertility agents unaccompanied
by corticoid properties although the proposed compounds are structurally
related to the corticosteroids.

Major Findings: The original synthetic scheme pursued for the preparation of
ll-oxa-16-substituted corticoids met with difficulties and therefore it was
neccessary to rely upon a modification of a known and lengthy route starting
with hecogenin. Progress in this latter direction is good. While efforts
were aimed at the preparation of 11-oxa-steroids, three model compounds with
C-16 substitution were prepared. These latter compounds were considered to be
devoid of corticoid properties. They were however, also devoid of anti-
ovulatory properties.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in the project is directly relevant to the purpose of the Con-
traceptive Development Branch to support the synthesis and evaluation of novel
steroidal compounds for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development program.

I

(
174



NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Synthesis and Testing of Antifertility Compounds
Contractor ; Midwest Research, Institute (NOl-HD-4-2835)
Money Allocated : $31,634 (FY 74.)

Ob j ectives

:

The purpose of this project is to synthesize a group of splro-
derivatives of the known contraceptive phenylcyclohexenecarboxyclic acids
exemplified by Fenestrel and Carbestrol. It is hoped that the rapid destruct-
ion of Fenestrel and Carbestrol in the human may be prevented by blocking
aromatization of the cyclohexene ring through introduction of the spiro de-
rivatives. Such components may be useful as contraceptive agents.

Major Findings : Five target compounds which are structurally related to

Carbestrol have been synthesized and screened. These include two spirolactones

,

two spirolactams and one spiroamine. One of the spirolactams with the car-
boynl group trans to the methyl group was found to be quite active in post-
coital testing at a dosage of 10 mg/kg/ but inactive at 1 mg/kg. The base
catalyzed equilibration of Carbestrol ester was investigated. The resulting
Isomeric cyclohexene carboxylic acid has been successfully separated by column
chromatography and identified by NMR. Surprisingly this compound was not
stable, as it was shown to revert to Carbestrol during recrystallization.
Birch reduction of the trans-spirolactone (as the hydroxycarboxylic acid)
was also conducted,but instead of the desired a,B-unsaturated cyclohexenone
derivative, a completely saturated qyclohexanone ring system was invariably
obtained.

-, l...J,.'-^- ,,, y>

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purpose of .the Con-
traceptive Development Branch to support the synthesis and evaluation of non-
steroidal compounds for contraceptive utility.

Proposed Course : Termination as all of the contract objectives have been
fulfilled.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: The Synthesis of 15-Phosphasteroids for Antifertility
Screening

Contractor: Duke University (NOl-HD-4-2841)
Money Allocated: $18,850 (FY 74)

Objectives

:

The purpose of this project is to synthesize some isosteres of
progesterone and norethlndrone in which C-15 is replaced by a phosphorous
atom.

Major Findings: Several attempts were made to prepare two tricyclic inter-
mediates, 7-methoxy-l-methyl-3oxo-2,4,5,9b-tetrahydro-l [H] benzo [g] phos-
phindale 1-oxide and its 3a methyl derivative via the McCormack diene-phos-
phorous bolide cycloaddition reaction, but this cycloaddition reaction has
not been successful. The modified objective for the synthesis of the tri-
cyclic phospholane oxide without appropriate functionality at C-3,7-methoxy-
l-methyl-2,3,3a,4,5-9b-hexahydro-l [1] benzo T^] phosphindole-1-oxide and
6-methoxy-methyl- a3 (3a)_3 ^ 8 ,9 ,9a- tetrahydro-A ^ (3 a^l [h]benzo [e Jphosphindole-
1-oxide has been achieved. Some new work has been initiated on the conver-
sion of tricyclic compounds to tetracyclic compounds, via Birch reduction of
the aromatic ring followed by a Robinson-type annelation reaction.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly relevant to the purpose of the Con-
traceptive Development Branch to support the synthesis and evaluation of
novel steroidal compounds for contraceptive utility.

Proposed Course: This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Synthesis of Antifertility Compounds New and Novel
Compounds Structurally Related to Steroids.

Contractor: Oklahoma State University (NOl-HD-4-2846)
Money Allocated: $18,000 (FY 74), $9,465 (FY 75)

Objectives : The purpose of this project is to synthesize analogs of contra-
ceptive steroids in which the B/C rings have been separated by a four-membered
ring. These compounds will be tested for the antifertility activity.

Major Findings : The photodimerization of 7-methoxy-l,2-dihydronapthalene
(I) has yielded 3,10-dimethoxy-5 ,6 ,6a,6b,7,8,12b,12c-octa-hydrodibenzo[a,i]
biphenylene (II) instead of the desired isomer, 3,10-dimethoxy-5,6 ,-6a,6b

,

ll,12,12a,12b-octahydrodibenzo [a,g] biphenylene (III) A non-photochemical
route starting from I has given a dihydroxy-dimethanodibenzol[b ,g]-cyclo-
decane derivative instead of the desired compound III. None of the compounds
have displayed significant biological activity. One other route starting
with cinnamic acid has given the desired compound III (without the 3,10-

dimethoxy groups) and it now remains to repeat this latter method starting
with p-hydroxycinnamic acid.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purpose of the Con-
traceptive Development Branch to support the synthesis and evaluation of

novel steroidal compounds for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort
leading toward the development of new chemical contraceptives and is an
integral part of the contraceptive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: , The Synthesis and Testing of Antiprogestational Agents
|

Derived from 7 (8-^lla) Abeo-Steroids I

Contractor: Research Triangle Institute (NOl-HD-4-2830)
j

Money Allocated: $121,576 (FY 74) for two years
;

Objectives ; The purpose of this project is to synthesize 7(8->lla)abeo-steroids,

1,11-methano and 1,11-ethano bridged steroids, which may exhibit anti-

hormonal and/or antifertility activity. i

Major Findings: A number of 7 (8-»lla) abeo-steroids were prepared. Starting
|

with commercially available m-methoxyphenylacetic acid and 2-methylcyclo-
j

pentane-l,3-dione, the synthesis of 3-methoxy-7(8-»lla) abeo estra-l,3,5(lQ) ,8..
j

14-pentaen 17B-yl aectate was accomplished by a seven step reaction sequence. i

This intermediate served as the source for the 7(8->-lla) abeo analogs of estra-
j

did, 17a- ethynyl estradiol, estr-5,10-enl7B-bl-3-one. Currently, the con-
|

version of the 17-ketone to the 17B-acetyl side chain is being studied. Thus
far only abeoestradiol exhibited significant biological activity, i.e., it had

very weak estrogenic activity relative to estradiol and postcoital contra-
ceptive activity at 5 m2/kg in rats but not at 1 mg/kg.

Significance to Biomedical Research and Program of the Institute ; The work
j

undertaken in this project is directly relevant to the purposes of the Con-
|

traceptive Development Branch to support the synthesis and evaluation of L

novel steroidal compounds for contraceptive utility. i

Proposed Course : This is expected to be a continuing contractual effort lead- i

ing toward the development of new chemical contraceptives and is an integral !

part of the contraceptive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title ; Synthesis of Ring-C Aromatic Steroids as Potential Anti-
fertility Agents. (NOl-HD-4-2831)

Contractor: The John C. .Sheehan Institute for Research, Inc.

Money Allocated : $72,871 (FY 74) for two years.

Objectives : The purpose of this project is to synthesize a series of ring-C
aromatic steroids by total synthesis as novel antiprogestational agents.
These compounds will be tested for antifertility activity.

Major Findings: The total synthesis of a ring-C aromatic steroid, 11-methoxy-
18-nor-4,8 (9), 11, 13(14)-androstatetraene-3,17-dione was Accomplished
starting from 1,7-dimethoxy napthalene involving consti:uction of the nucleus
in the order, BC-> I>>A. Larger scale syntheses are being carried out to

provide sufficient quantities of intermediates for the synthesis and testing
of the target compounds. Demethylation has been accomplished, but the yield
is low. An alternative route to the desired ring-C aromatic compounds with-
out a hydroxyl function at C-11 is being pursued using the Targov procedure.

Significance to Biomedical Research and Program of the Institute: The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis and evaluation of

novel steroidal compounds for contraceptive utility.

Proposed Cours e; This is expected to be a continuing contractvial effort lead-

ing toward the development of new chemical contraceptives and is an integral
part of the contraceptive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Biological Testing Facility for the Evaluation of
New Antifertility Drugs and Devices

Contractor : Mason Research Institute (N01-HD-2-27U6)
Money Allocated :

$8i+i+,057 (FY 72) 30 months, $ll6,i*36 (FY 73),
$373,031 (FY 7^)

Objectives : The objective of this contract program is the establishment of
a biological testing facility capable of broad spectrum evaluation of new
drugs and devices and rapid exploitation of potential leads in the control
of fertility. Sources of compounds for testing include contract synthetic
programs supported by the CDB and numerous private, public and governmental
laboratories throughout the world. The staff of the CDB reviews all com-
pounds submitted for evaluation to determine the precise manner in which
each drug will be studied.

Major Findings : Over 500 compounds and 5 drug delivery systems have been
evaluated in more than 1000 tests. Some 28,000 rats, 2000 hamsters, 3000
rabbits and 70 monkeys have been utilized in 35 different types of assays.
Several important leads have accrued from this testing program, one of which
is undergoing evaluation in monkeys and baboons. A number of other findings,
while of limited intrinsic value, have contributed substantially to the

guidance of our chemical synthetic program. Data generated by the testing
facility is communicated to CDB staff on a weekly basis and is then rapidly
disseminated to individual chemists in our contract synthetic program. This

input at the drug synthesis level permits an interaction between chemist and

biologist which provides optimal direction for subsequent structural
modifications

.

Hormone release rates from several biodegradable drug delivery systems are

currently being evaluated. Results of these studies will be used in the
modification of the prototype systems and will largely determine the rate
of expansion of this aspect of our program.

Significance to Biomedical Research and Program of the Institute : The heart
of any drug development program is the rapid identification of biological
activity and exploitation of promising leads . The ability of the CDB to

evaluate compoimds and devices in a uniform manner is of great importance to

our contract synthetic program and the stated goals of the Branch.

Proposed Course : This is a continuing contractual effort leading toward the
development of new contraceptives and is an integral part of the contracep-
tive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Primate Testing Facility
Contractor : Southwest Foundation for Research and Education

(NOl-HD-5-2810)
Money Allocated : $120,279 (FY 75) l8 mos

.

Objectives : The purpose of this project is to establish and maintain a
baboon colony for the evaluation of antifertility agents and devices sub-
mitted by the Contraceptive Development Branch. Forty female and eight male
baboons will be individually housed for exclusive use in the testing program.

Major Findings : The contractor is evaluating the postcoital contraceptive
effectiveness of a compound emanating from our contract synthetic program.
This contract has just gotten under way. Twenty successfiil matings have
been obtained in 6h cycles in control and two drug treatment groups. It is

too early to draw any conclusions with respect to the efficacy of the drugs
being studied.

Significance to Biomedical Research and Program of the Institute : The
primate testing facility is an essential component of our drug evaluation
program and directly relevant to the purposes of CDB activities. The need
for careful assessment of candidates for clinical trial in subhuman primates
is recognized in all contraceptive development program.

Proposed Course : This is expected to be a continuing contractual effort
supporting the development of new contraceptive methods and is an integral
part of the contraceptive development program.
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July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: A Study of the Use of Biodegradable Polymers for the
Sustained Delivery of Contraceptive Drugs

Contractor: Research Triangle .Institute (NOl-HD-3-2741)

Money Allocated: $298,347 (FY 73 for 2 years), $184,074 (FY 75),
$214,133 (FY 76)

Objectives : It is proposed to develop biodegradable polj^meric drug delivery
systems for male and female fertility regulation. . I

The specific polymers which will be evaluated are aliphatic polyesters. They '

will be selected on the basis of permeability, biodegradability , tissue com-
|

patibility and synthetic availability. The performance of. the delivery
systems will be evaluated both in vitro and in vivo.

1

i

Major Findings : A number of aliphatic polyesters have been synthesized and :

characterized. The intrinsic viscosity, molecular weight, glass transition
i

temperatures and crystalline melting points were determined . As a result of
1

these studies poly (e-caprolactone) , poly (dl-lactic acid) and their copolymers I

were selected for further study.

Thin films of polymers were prepared containing either progesterone, norgestrel
]

testosterone, or testosterone propionate. In vitro release rates were measured
in water at 37°C. In vivo release rates were determined in rabbits using (

radioactive hormones. On the basis of these studies, reservoir devices in the
form of hollow cylinders were constructed from polycaprolactone and caprolac-
tone/dl-lactic acid copoljrmer. In vitro studies were carried out on testosteron*
release from polycaprolactone cylinders showing that the rate is essentially
constant (20 microgram/day/cm) for more than 50 days and in agreement with that
predicted. Progesterone release rates, however, decreased significantly with
time.

All of the polyesters tested appear to be biocompatible. The rate of biode-
gradation varies and depends on the chemical structure and molecular weight.
Generally, the higher the molecular weight, the lower the degradation. Poly-
caprolactone of high molecular weight had negligible weight loss after 16 weeks,
but the lower molecular weight polymer lost 4% of its weight after 16 weeks.
This is the most biostable polyester tested. The other copolymers exhibited
differences in degradation, ranging from undetectable to total loss after 16
weeks

.

Significance to Biomedical Research and Program of the Institute : Development '

of drug delivery systems for contraceptive drugs is one of the stated goals of
the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of improved contraceptive technology.
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July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Development and Testing of an Implantable Contraceptive
Delivery System

Contractor: Dynatech R/D Co. - (NOl-HD-3-2736)

Money Allocated: $245,972 (FY 73' for 2 years)

Objectives ; It is proposed to develop and test new implantable drug deliv-
ery systems based on synthetic polymers which slowly release the incorporated
drug. The implantable material will consist of tissue compatible hydrolyz-
able polymers or copolymers of glycolic acid and/or lactic acid in which the

synthetic progestin d-norgestrel will be dispersed. After the drug is delivered
the polymer is to be absorbed by the surrounding tissues.

Major Findings : The possible polymers have been narrowed down to the
following: 10% glycolide/90% (L+)-lactide copolymer; 100% dl-lactide homo-
polymer; 50% L+/50% dl-lactide copolymer. The polymer molecular weight must
be greater than 200,000 for it to last 6 months in vivo .

Drug levels between 20 and 50% have been examined both in vitro and in vivo in
dogs and rats. Preliminary findings on the release rate of d-norgestrel
indicate that the rod diameter should be reduced from 1/16" to 1/32".

Experiments with overcoating the rods with polymer containing no drug in order
to obviate the early bursts have succeeded only in delaying the burst.

Significance to Biomedical Research and Program of the Institute: The develop-
ment of improved drug delivery systems for contraceptive drugs is one of the
stated goals of the Contraceptive Development Branch.

Proposed Course : Because of numerous difficulties, including unexplained
bursts and lack of reproducibility, this project will not be continued unless
animal studies currently underway indicate a markedly improved performance.
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July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Development and Evaluation of a Biodegradable Drug
Delivery System

Contractor: Arthur D. Little, Inc. (NOl-HD-4-2802)
Money Allocated: $60,900 (FY 74), $195,625 (FY 75 for 2 years)

Objectives : This program is directed toward the development of an implant-
able biodegradable delivery system for the administration of fertility re-
gulating agents. The proposed delivery system consists of synthetic poly-
peptides (poly-ct-amino acids) containing physically entrapped drug.

Major Findings : Work has continued on glutamic acid/leucine copolymers
with a ratio of 35/65. Previously it had been shown that a 50/50 copolymer
was absorbed in vivo in 24 hours and the 20/80 copolymers did not degrade
at all in 90 days. Diffusion coefficients for progesterone were determined
to be relatively insensitive to minor changes in copolymer ratio, i.e. results
for 35/65 and 40/60 were essentially the same; however, reducing glutamic
acid to 20% from 40% reduced the diffusion coefficient by a factor of 10.

Using a mandrel coating technique, tubes have been fabricated which contain
progesterone. Both in vivo and in vitro release rates are being measured
from these tube dosage forms.

Significance to Biomedical Research and Program of the Institute : Develop-
ment of drug delivery systems for contraceptive drugs is one of the stated
goals of the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of improved contraceptive technology.
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July 1, 19 74 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title ; Implantable Bio-Absorbable Capsules as Slow-Release
Contraceptive Drug Delivery Systems

Contractor: Abcor, Inc. (NOl-HD-3-2738)
Money Allocated : $254,856 (FY 73 for two years), $161,192 (FY 75),

$130,233 (FY 76)

Objectives : The contractor proposed to formulate a biodegradable sustained
release drug delivery system consisting of microcapsules containing proges-
terone. The system can also be utilized for the delivery of other contra-
ceptive drugs where sustained long term delivery of the drug is desired.

Major Findings : High molecular weight polylactides [poly L(-) lactide to

'^00,000 MW, Hsp/c = 4.23 dl/g and poly-DL- lactide to ngp/c = 2.30 dl/g]
have been prepared and used in the microencapsulation of progesterone. Micro-
encapsulation by coacervation, coagulation, and Wurster air suspension coat-
ing has been studied. Microcapsules of 177 - 250 ym diameter containing
70% progesterone have released the drug in vitro for 2 months at a 14% month
rate. This extrapolates to a 7 month delivery of the hormone. These micro-
cansules were prepared by the Wurster Process using an Hsp/c =2.6 dl/g poly

L(-) lactide. Larger particles (400 pm) of a lower molecular weight polymer
(Hsp'C = 0.78 dl/g) have demonstrated continous progesterone release of more
than 4 months. A 5% suspension of 177-210 ym particles can be injected through
a 20-guage hypodermic needle, using a propylene glycol-glycerin vehicle.
In vivo studies are underway.

Significance to Biomedical Research and Program of the Institute: Develop-
ment of new drug delivery systems for contraceptive drugs is one of the goals
of the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of improved contraceptive technology.
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July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Polyelectrolytc Delivery Systems for Chemical
Cauterization and Sustained Release

Contractor: Columbia University (NO! -HD-3-2797)

Money Allocated: $86,600 (FY 74), $32,761 (FY 75)

Objectives : The central objective oE this project is the development of bio-

absorbable controlled release devices for dispensing biologically active
substances in vivo . The immediate goal is the design of such devices to

achieve chemical cauterization of the oviduct. The specific tasks to be met
include

:

1. Prepare a drug delivery system for silver ions based upon
polyelectroly tes as a biodegradable matrix.

2. Study 2J1 vitro rate of silver ion delivery from the rods as

a function of systems composition and time.

3. Implant prototype systems initially in rabbits and subsequently
in monkeys and study: (a) the degree of occlusion, (b) ingrowth
of fibroblasts into the matrix, (c) the rate of degradation of
the system, and (d) what happens to residual products.

Major Findings : To obviate the problems associated with poor contact between
rigid polymer lods and the oviducts, new systems are being developed which will
have sufficient flow to conform to the geometry of tlie ducts. Liquid-liquid
and liquid-solid systems which are mixed just prior to insertion to form a

semi-solid gel have been studied and several combinations show promise. A
prototype mixing device which provides for rapid mixing and extrusion has been
constructed. In vitro studies of the rate of release of silver ions from these
systems are under way.

Significance to Biomedical Research and Program of the Institute : Development
of technology for the non-surgical occlusion of oviducts for contraceptive
purposes is a stated goal of the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of improved contraceptive technology.
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July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title ; Intrauterine Release of Estriol for Contraception
Contractor: Michael Reese Hospital (NOl-HD-3-2739)

Money Allocated: $133,233 (FY 74)

Objectives : The objective of this contract is to investigate the local

contraceptive action of the hormone estriol. The estriol will be delivered

to the uterine cavity by means of an intrauterine device which will be
composed of polymeric membrane which can control drug release. The devices
will be evaluated initially in rabbits and subsequently in babbons. If

local action of the released estriol can be demonstrated a clinical trial

will be initiated. The release of small quantities of estriol directly into

the uterine cavity should circumvent undesirable systemic effects.

Major Findings : Estriol has been demonstrated to have contraceptive action
in the rabbit when administered chronically in the uterine horns at the rate
of 1.25 yg/day. This effect is local as it is limited to the horn contain-
ing an estriol device.

Because of possible objections to the chronic use of estrogens with potential
effects on the endometrium, studies were carried out on baboons. Castrated
baboons receiving as much as 12.5 yg/day of estriol showed no increased
proliferative activity in the endometrial glands or stroma.

Significance to Biomedical Research and Program of the Institute : Develop-
ment of new contraceptive methods is a stated goal of the Contraceptive
Development Branch.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of improved lUD's.
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July 1, 1974 through June 30, 1975

Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Development of an Intracervical Device

Contractor: Wayne State University (NOl-HD-4-2852)

Money Allocated: $157,388 (FY 74 for 2 years)

Objectives : It is proposed to develop a steroid releasing intracervical

device and to conduct preliminary clinical trials to determine its local and

systemic effects. Non-medicated devices will first be checked in 10 vol-

unteers for 60 days to establish retention, lack of obstruction of menstrual

flow and absence of local side effects. In vitro and ^ vivo studies in

rabbits will be conducted to ascertain release rates for norethindrone and D-

norgestrel which are designed to be in the range of 5 to lOOyg/day. Subacute

toxicity studies are also planned to support Phase 1 and 11 clinical trials.

Major Findings : Fabrication techniques have been established for the

manufacture of prototype devices.

In vitro release-rate measurements for D-norgestrel and norethindrone indicate

that the desired release rates can be obtained with the drug imbedded in a

silicone rubber matrix.

Devices have been constructed for the release rate and toxicology studies in

the rabbits. In vitro determinations of the release rate of these devices
have been started.

Significance to Biomedical Research and Program : Development of new

contraceptive methods is a stated goal of the Contraceptive Development Branch.

Proposed Course: This is expected to be a continuing contractual effort

leading to the development of improved contraceptive methods.

188



NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Systems Approach to Vaginal Delivery of Contraceptive
Drugs - Methodology and Mechanism for Absorption

Contractor: University of Michigan (NOl-HD- 3-2740)
Money Allocated: $126,361 (FY 73 for 2 Yrs), $77, 068 (FY 75) $76,312 (FY 76)

Objectives : The studies are aimed at developing suitable methodology to

obtain firm, baseline data on the kinetics of vaginal absorption of model
compounds and contraceptive steroids. The data generated will be used in

delineating the general barrier properties of the vaginal mucosa and in
developing quantitative, integrated models describing both the release of

drugs from vaginal devices and subsequent drug absorption.

Major Findings : Rib-cage cells, which allow perfusion of compounds of

interest, have been surgically implanted in rabbits. The relative per-
meabilities of the membrane and the aqueous pores through the membranes
were established for a series of alkanols. The importance of the stagnant
aqueous diffusion layer barrier was also assessed. Using a polydimethyl-
siloxane film sink in conjunction with the rib-cage cell, in vitro experi-
ments were carried out to estimate the magnitude of the boundary layer thick-

ness.

The influence of both bulk and surface pH on the permeability of non-ionic
drugs has been studied.

The permeability coefficients for several steroids including progesterone,
estrone, testosterone and hydrocortisone have been determined for the rabbit

vagina.

Significance to Biomedical Research and Program of the Institute: The study

of drug absorption from the vagina can further our knowledge on the character-

istics of drug absorption from this local site. The work is directly related

to the published purpose of the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort

leading to the development of improved contraceptive technology.
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July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: The Study of Intrauterine Microcapsules as a Prolonged
Drug Release Form

Contractor: Battelle Memorial Institute (NOl-HD-1-2230)

Money Allocated: $60,825 (FY 71), $86,240 (FY 72), $92,325 (FY 73),
$110,399 (FY 74)

Objectives : The purpose of this project is to investigate the possibility of

a vaginal administration of a microencapsulated drug dose form as a contracep-
tive method. The feasibility of this system will depend largely on the
migration of various sizes of microcapsules from the vagina to the uterus.
This drug delivery system could involve the microencapsulation of proges-
tagens, spermacidal agents or cervical mucus thickeners.

Major Findings : The transcervical migration of tracer microcapsules has been
studied in stumptail monkeys and baboons as a function of particle size and
phase of the menstrual cycle. The following tentative conclusions have been
made:

(1) The early follicular phase of the menstrual cycle appears to
be the optimum time for transcervical migration in the stump-
tail monkeys.

(2) Capsule diameter does not appear to be a very significant factor
in transcervical migration during the early follicular phase of
the aienstrual cycle of the monkeys.

Preliminary studies with the baboon have not confirmed these findings as the
early luteal phase shows the most migration.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of a suitable microcapsule system for vaginal drug delivery of antif ertility
agents in the female would make a substantial contribution to contraceptive
methodology and is directly relevant to the purposes of CDB activities.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of new contraceptive methods and is an integral
part of the contraceptive development program.
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July 1, 1974 through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title: Development of New Sterilization Techniques
Contractor: Abcor, Inc. (NOl-HD-1-2227)
Money Allocated: $345,000 (FY 71) for two years; $183,476 (FY 74);

$17,380 (FY 75)

Objectives ; The purpose of this project is to develop (1) a reversible
intravasal plug with a hollow center into which a removable pin can be
inserted, and (2) an absorbable intravasal stent that would facilitate
reanastomosis of the cut end of the vas following vasectomy. The effective-
ness of these new sterilization techniques will be studied in the guinea pig
and monkey.

Major Findings ;

A. The Absorbable Intravasal Stent (AIS)

1. Four rhesus monkeys were vasovasotomized with the absorbable
stent three months after vasectomy. In three animals, the
sperm count and motility returned to their prevasectomy level.
The fourth animal produced poor semen and upon biopsy showed
inactive testicular tubules. Two animals are currently mating.
Of the three control monkeys vasovasotomized by classical
surgical methods, only one showed a return to normal sperm
count. Stii.dies are continuing.

2. Seven rhesus monkeys have been vasectomized about eight months
ago and will soon have reversals (4 with stents, 3 without).

B. The Reversible Intravasal Plug (RIP)

1. Of three dozen unr earned guinea pigs implanted with the plug for
six months 17 became azoospermic. Seventeen others had poor
quality semen and two died. Studies to determine the cause of

sperm leakage are under way.

2. Of the 17 azoospermic animals six have been recently reversed
by removing the pin. Three others are awaiting reversal. Eight
animals died in this group. Difficulty in locating the pin
during reversal is believed to be partly responsible for the
deaths. Attachment of a large colored suture to the pin is expected
to improve location of the plug.

Significance to Biomedical Research and Program of the Institute : It is
important to determine the utility of these contraceptive devices as the
development of devices for male sterilization is directly relevant to the
purposes of the Contraceptive Development Branch activities.

Proposed Course : This is expected to be a continuing contractual effort
leading towards the development of new contraceptives and is an integral
part of the contraceptive development program.
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July 1, 1974 through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Design and Development of Implantable Contraceptive
Devices for Use in the Male

Contractor: IIT Research Institute (NOl-HD-1-2229)

Money Allocated: $150,000 (FY 71), $194,476 (FY 72), $200,694 (FY 74),
$213,644 (FY 75)

Objectives : The purpose of this project is to develop successful reversible
vas occlusive devices, which will be adaptable to long-term implantation in
the general population. The research proposed includes intensive study of

the mechanisms which affect sperm transport and to identify possible remedial
changes to improve overall device performance.

Major Findings : Activities during this contract period have centered around
four principal areas: (1) transected vas implant cycling experiments; (2) the

feasibility study of longitudinal implant designs; (3) breeding experiments;

and (4) the development of experimental design protocols to evaluate the

effects of implant on the device properties and integrity.

Forty-three animals implanted with the transected vas device are currently
being evaluated. A schedule of cycling experiments has been defined for the

transected vas implant group and two series consisting of six and seven
animals are now ready for the devices to be reversed to the open position.
One of these series of seven animals was implanted and functioning for

several months in the initially open position before being reversed to the

closed position for a three-month interval. The second series consists of

six animals which were implanted in the initially closed position for a

designated three-month interval. All animals in these two series have thus

far successfully completed each prior stage of evaluation.

Significance to Biomedical Research and Program of the Institute: The design
and development of implantable devices of male sterilization is directly
relevant to the purposes of the CDB activities.

Proposed Course : This is expected to be a continuing contractual effort

leading toward the development of new contraceptives and is an integral part

of the contraceptive development program.
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July 1, 197^ through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Development of a Reversible Vas-Occluding Prosthesis
Utilizing a Microporous Tissue Interface

Contractor : Searle Cardio-Pulmonary Systems, Inc. (NOl-HD-2-2796)
Money Allocated :

$10l+,325 (FY 72); $99,152 (FY 7^)

Objectives : The major goal is to investigate the feasibility of utilizing
a microporous tissue interface to achieve a reversible vas-occluding prosthe-
sis. To this end MTI-coated tubular prostheses have been fabricated and im-

planted in animals to develop methods of achieving rapid tissue ingrowth and
tenacious adhersion to the vas capable for forming a spermatic fluid seal.

Major Findings : l) The MTI-coated prosthesis is capable of achieving tissue

ingrovth sufficient to fix the prosthesis in place for periods of at least one
month and to require appreciable force approximating tissue shear stresses for

prosthesis removal. Physical testing and gross observations are supported by
histologic data from light and electron microscopy. 2) Two surgical techniques
have been developed, at least one of which, transmural insertion, appears to

be consistently effective in achieving fixation of the MTI-coated prosthesis.

3) It appears that functionally adequate fixation can be achieved without pre-
treatment of the inner lumen of the vas to remove mucosa, h) Patent vas
and prosthesis lumens can be maintained (for at least one to two months) if

no or mild mucosal treatments are used. 5) No cellular atypia or reactions
to the implant have been observed. However, infertility (low sperm counts)

has been found in a number of rabbits with implanted, open prostheses. A
rigorous program of evaluation and analysis is being performed in order to

determine and eliminate the causes of infertility. The specific effects of

surgical implantation, tissue attachment and reactions, sperm generation,
semen flow are being studied. As a result of the continuing problems of

sterility and the histologic findings, the guinea pig will be used in future

studies to determine the effect of species on the frequency and degree of

fertility, using implanted transvasal open prostheses.

Significance to Biomedical Research and Program of the Institute : It is

important to determine the utility of the MTI-coated prosthesis as the

development of devices for male sterilization is directly relevant to the

purposes of the Contraceptive Development Branch activities.

Proposed Course : This is expected to be a continuing contractual effort

leading towards the development of new contraceptives and is an integral

part of the contraceptive development program.
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July 1, 197^ through June 30, 1975

Contraceptive Development Branch

Contract and Collahorative Research

Contract Title : Development of an Intra-Uterine Sterilization System

for the Female

Contractor : IIT Research Institute (NOl-HD-1-2233)

Medical Engineering Center

Money Allocated : $2^+7,977 (FY 71 ); $519,^+65 (FY 72) 15 months;
$J+83,769 (FY 7^); $33i+,119 (FY 75)

Objectives : The purpose of this project is to develop a tubal occlusive

device and a hysteroscopic guidance system for its placement in the intra-

mural portion of the oviduct under direct visualization. Since this technique

would employ a transcervical approach, no surgery woiild be required. Instru-

ment and device development will follow a carefully sequenced schedule of eval-

uation in animal models, extirpated human uteri and finally clinical trials.

Major Findings : The contractor has continued to improve the design of a

steerable hysteroscope. The latest model incorporates several new features
including enhanced fiberoptic system, extended steerability , improved valve
system for flushing and expanding the uterus, device channel capable of hand-
ling electrocautery instruments and finally complete sterilizability . The
ability to sterilize the hysteroscope by conventional immersion techniques is

considered a major achievement for instruments of this general design. Each
improvement in instrimient design was carefully evaluated in baboons (under
actual operating room conditions ) and in extirpated human uteri . The con-
tractor is presently developing a dispersive image enhancement technique
which will double the resolution and improve image quality significantly.

Phase I clinical studies have been completed in 20 subjects. These studies
involved evaluation of several prototype hysteros copes and demonstrated the
safety of the instruments under actual operating room conditions. Phase II
studies, in which soft occlusive devices will be placed by hysteroscopic
guidance in the oviducts of patients at the time of medically indicated hyster-
ectomy, are now in progress. A study comparing the capabilities of the
steerable hysteroscope with those of commercially available rigid instruments
is scheduled to begin in the near future.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of a simple outpatient procedure incorporating the transcervical approach
to sterilization is highly relevant to the mission of the CDB.

Proposed Course : This is expected to be a continuing contractual effort
leading to the development of a simple non-siorgical means of sterilization.
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July 1, 19lh through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Device and Technique for Blocking Fallopian Tubes

Contractor : Franklin Institute Research Laboratories
Colloids and Polymers Laboratory (NOl-HD-1-2237)

Money Allocated : $78,866 (FY 7l), $12l+,620 (FY 72) 15 mos

.

$27,69^ (FY 7^) 6 mos.

Objectives : The purpose of this project is to develop a new device and

application technique for blocking the fallopian tubes with medical grade

silicon rubber cured in_ situ . The instrimient designed for transcervical

delivery of the elastomer to the oviducts known as a cornuosalpingoguide

was to be evaluated in patient volunteers for whom salpingograms were indi-

cated. This would permit assessment of the ability of. the instrument to

negotiate the human reproductive tract and to seat in the uterine cornua

for delivery of the radiopaque medium. Successful application of the instru-

ment in this guise would be followed by attempts to occlude the oviducts

with Silastic TM in patient volunteers undergoing hysterectomy and bilateral

adnexectomy

.

Major Findings : No studies have been undertaken during the current fiscal

year and the contract has been terminated. The contractor was unable to

provide the documentation necessary to satisfy NIH requirements for clinical

safety and patient welfare. Additionally the IND status of the two components

of the elastomer system was uncertain and the contractor was not prepared to

undertake a new IND filing.

Significance to Biomedical Research and Program of the Institute : The develop-

ment of a simple, inexpensive, nonsurgical means of occluding the oviducts

for the purpose of sterilization of the female continues to be directly

relevant to the goals of the Contraceptive Development Branch.

Proposed Course : Contract is terminated.
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July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Clinical Studies of Estrogens as Postcoital Contraceptive
Agents

Contractor : Kapiolani Hospital (N01-HD-3-2760)
Money Allocated : $10,itOO (FY 73) 2 yrs

.

Objectives : The purpose of this project is to study the safety and efficacy
of ethynyl estradiol as a postcoital contraceptive. A standard dose and
uniform protocols are employed in patients requesting this form of contra-
ception who meet the rigid criteria for acceptance into the program. The
study is part of a larger program designed to acquire sufficient data on
ethynyl estradiol to support or refute its use as a postcoital contraceptive.
The investigation is being undertaken under IND #9658.

Major Findings : No pregnancies have been observed to date folloving the oral
administration of 5 mg. ethynyl estradiol daily for 5 consecutive days start-
ing within 72 hours of unprotected midcycle coital exposure. The major side
effect of this treatment was nausea. No serious untoward reactions have been
encountered.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of new and more acceptable means of postcoital contraception is directly
related to the goals of the Contraceptive Development Branch.

Proposed Course : This contract has terminated and will not be renewed because
of the unavailability of adequate numbers of patients meeting criteria for
study acceptance.

(
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July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and. Collaborative Research

Contract Title : Study of the Safety and Efficacy of a Conjugated
Estrogen Preparation as a Postcoital Contraceptive

Contractor : University of Florida (N01-HD-3-276l)
Money Allocated : $53,086 (FY 73) 2 yrs., $65,078 (FY 75) 2 yrs . pending

review

Objectives : The purpose of this project is to study the safety and efficacy
of a conjugated estrogen preparation as a postcoital contraceptive. A stand-
ard dose and uniform protocols are employed in patients seeking this form
of contraception who meet the rigid criteria for acceptance into the program.
The study is part of a larger program designed to acquire sufficient data on
conjugated natural estrogens to support or refute their use as a postcoital
contraceptive. The investigation is being undertaken under IND #9839-

Major Findings : No pregnancies have been encountered in the 152 women accep-
ted for the program. Two hundred and fifty-eight women have been interviewed.
Treatment consisted of 30 mg. conjugated equine estrogens administered daily
for 5 consecutive days starting within 2k hours of unprotected midcycle coitus
in kl.6%, between 2k and k8 hours in 32^ and between ^+9 and 72 hours in 26. U^.
All but two patients received the entire course of medication.

About 90^ of the patients reported at least one side effect related to high
dose estrogen therapy. Nausea was reported by 58.^^ although this was judged
to be mild in most (78^) patients. Vomiting was reported by 17-6^ of the
patients dioring treatment, about half of whom considered the episodes mild.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of new and more acceptable means of postcoital contraception is directly
related to the goals of the Contraceptive Development Branch.

Proposed Course : It is anticipated that this contract will continue for

another two-year period.
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July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Clinical Studies of Estrogens as Postcoital Contraceptive
Agents

Contractor : Planned Parenthood of Minnesota (NOl-HD-3-2762)

Money Allocated : $52,662 (FY 73) 2 yrs., $70,299 (FY 75) 2 yrs . pending
review

Objectives : The purpose of this project is to study the safety and efficacy
of ethynyl estradiol as a postcoital contraceptive. A standard dose and
uniform protocols are employed in patients requesting this form of contracep-
tion who meet the rigid criteria for acceptance into the program. The study
is part of a larger program designed to acquire sufficient data on ethynyl

estradiol to support or refute its use as a postcoital contraceptive. The
investigation is being carried out under IND #9525-

Major Findings : The investigators have selected 2U2 patients for inclusion
in the study out of 65O interviewed to date. All subjects received 5 mg. of
ethynylestradiol daily for five consecutive days starting within 72 hours of
unprotected midcycle coital exposure. Two patients became pregnant despite
full medication. Both subjects reported to the clinic between 6O-65 hours
following unprotected coitus. These pregnancies can be classified as drug
failures and may indicate the need to initiate treatment within U8 hours
for maximum contraceptive efficacy. A third pregnancy was unrelated to medi-
cation failure since it was clearly established that conception antedated
treatment by h weeks

.

Over 90 percent of the patients reported side effects of some sort. Nausea
{85%) and vomiting (^+1^) were the most common side effects encountered after
abnormal menses (92^) but antiemetic medication was required in less than
half of these women.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of new and more accep"Gable means of postcoital contraception is directly
related to the goals of the Contraceptive Development Branch.

Proposed Course : It is anticipated that this contract will continue for
another two-year period.

(
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Clinical Investigation of Ethynyl Estradiol and Conjugated
Natural Estrogens as Postcoital Contraceptive Agents

Contractor : Planned Parenthood League of Connecticut, Inc.

(N01-HD-l^-2809)

Money Allocated : $132,3^2 (FY 7^) 2 yrs

.

Objectives : The purpose of this project is to study the safety and efficacy
of ethynyl estradiol and conjugated natural estrogens as postcoital contra-

ceptives. Standard doses of both drugs and uniform protocols are being em-

ployed in patients requesting this form of contraception who meet the rigid
criteria for acceptance into the program. The study is part of a larger
program designed to acquire sufficient data on ethynyl. estradiol and con-

jugated natural estrogens to support or refute their use as postcoital
contraceptive agents. The investigation is being carried out under IND #10,138.

Major Findings : One pregnancy has been recorded to date folloTving treatment
with 30 mg. daily of conjugated natural estrogens. It is not clear at this
time, however, whether this can be classified as a true drug failure. No
pregnancies have been seen using ethynyl estradiol. The major side effects
are nausea, vomiting and abnormal menses in the treatment cycle. No serious
untoward reactions have been encountered.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of new and more acceptable means of postcoital contraception is directly
related to the goals of the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort
until sufficient data is generated by the total program to support or refute
the use of ethynyl estradiol and conjugated natioral estrogens as safe and
effective postcoital contraceptive agents.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Clinical Evaluation of a Fluid-Filled Intrauterine
Device

Contractor : Tecna Corporation and University of California
(NOl-HD- 3-2767)

Money Allocated : $51,980 (FY 73), $86,000 (FY 7^)

Objectives : The major objective of this contract is to clinically evaluate
a new fluid-filled intrauterine device (lUD). Preliminary data indicate
that the device is well tolerated and provides high contraceptive efficacy.

Major Findings : The lUD has been inserted into 260 subjects with an accumu-
lated use of 1U07 woman-months. The population is 72^ nulliparous . Net
ciunulative termination rates for 6 months /lOO women entering first month
indicate a pregnancy rate of 1.5, expulsion rate of 33-9 and removals for
medical elective reasons of 10.5- The expulsion rate is considerably higher
than for the loop or the shield devices. In subjects retaining the device
the rate of various complications and symptoms was lower than with other
devices

.

Significance to Biomedical Research and Program of the Institute : Develop-
ment of new contraceptive devices is directly related to the published
purpose of the Contraceptive Development Branch.

Proposed Course : Because of the high rate of expulsions no further insertions
will be made. Subjects wearing the lUD will be followed for an additional
year.

200
(



NICHD MNUAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Contraceptive Development Studies for Males : Oral
Steroid Hormone Administration

Contractor : University of Washington School of Medicine (NOl-HD-1-2234)

Money Allocated : $118,056 (FY 7l) for two years, $58,315 (FY 7^)

$123,1^3 (FY 75), $108,1+68 (FY 76)

Ob.iectives : This contract proposal is designed to evaluate the combined
effects of two androgenic steroids on spermatogenesis when administered to

normal adult human males. The ultimate goal is to develop an effective oral
contraceptive technique for males.

At the present time there is no compound available for effectively Inhibiting
human spermatogenesis which is non-toxic or absent from adverse reactions
which would render the preparation either unacceptable to the patient or to

his physician.

Major Findings : The administration of testosterone enanthate (200 l.M. once
monthly), plus Danazol (6OO mg. daily p.o.) induced severe transient oligo-
spermia (less than 5 million/ml) in 11 of 13 volunteers and azoospermia in

three of the subjects. The time to reach oligospermia was 2 weeks to 6 months.
Almost all subjects were followed through recovery period and demonstrated
a return to pre-treatment sperm count levels. Libido and potency were not

altered significantly. There was a definite tendency to gain weight ranging
up to k% of body weight. No chemical toxicology was detected, nor was a

correlation noted between therapy and erythropoiesis or blood chemistry.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support research directed towards

development of new male methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort

leading toward the development of new contraceptives and is an integral part

of the contraceptive development program.
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July 1, 197^ through June 30, 1975
Contraceptive Development Branch

Contract and. Collaborative Research

Contract Title : Pilot Study for the Large Scale Preparation of

Purified Human Chorionic Gonadotropin

Contractor : Columbia University (NOl-HD-0-2251)

Money Allocated : $^7,300 (FY 70) , $85,086 (FY 71), $19^4,280 (FY 72 for

two years), $298,897 (FY 7^ for two years)

Objectives : The objective of this investigation is to undertake a feasibility
study to determine the optimal conditions for preparation of large batches
of highly purified human chorionic gonadotropin (HCG). Secondary goals of
this program are: (l) to obtain data bearing on the chemical and immuno-
logical characterization of HCG fractions which appear to be homogeneous in

polypeptide content, but possess differing biological activities, and (2) to
obtain data on the stability of HCG using both immunological and biological
activities as guides.

Major Findings : (l) Batch CR 119 of purified HCG and its subunits has been
delivered to NICHD and to be employed as a reference standards by the
National Institutes of Hea.lth and the World Health Organization.

(2) Purification of Batch CR 121 HCG (as noted above this has now been com-
pleted and is being distributed) yielded 5 grams of HCG with a biological
activity of 13,^50 IU/m.g (95^ confidence limits 9560-l662i+)

.

(3) A preliminary study of antibodies raised against the unique COOH-terminal
region of the HCG beta subunit has been completed. The results indicate that
such antisera, which frequently exhibit the capability of binding to native
HCG, do not necessarily inhibit the hormone's biological activity.

Crude HCG was found to be many fold more immunosuppressive than purified HCG
in phytohemagglutinin, pokeweed, or PPD stimulated human peripheral blood
lymphocyte cultures. However, both crude and pure HCG were stimulatory to
human lymphocytes when used alone without these mitogens. Crude HCG was also
more immunosuppressive thar. purified HCG in one-way mixed lymophocyte cultures
(MLC). Preliminary studies using fractions eluted from a Sephadex G-lOO
column loaded with a crude HCG preparation showed inhibition of lymphocyte
cultures mainly in the portion of the eluate comprised of substances with
molecular weights less than that of HCG. This suggests that inhibitory sub-
stance(s) other than HCG and of lower molecular weight are responsible for
the immunosuppressive properties that have been reported in the literature
as properties of HCG.

Significance to Biomedical Research and Program of the Institute :

Production of purified hormonal preparations of importance to reproduction
is one of the goals of the contraceptive development program.

Proposed Course: At the conclusion of the present contract period sufficient
quantities of materials will be available and further support will be
discontinued.
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July 1, 1974 through June 30, . 1975

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Distribution of Hormonal Substances

Contractor : Emory University (NOl-HD- 3-2730)

Money Allocated: $11,338 (FY 73)

Ob jectives : The objective of this contract is to provide facilities to

store, package and distribute hormonal substances procured under CDB contracts

to qualified investigators requesting the materials for research purposes.

Major Findings : The contractor has carried out all of his contractual
obligations.

Significance to Biomedical Research and Program of the Institute : The

hormonal substances being distributed play an indispensable role in the

reproductive processes. Their distribution and subsequent utilization
furthers our understanding of reproduction and may lead to the development
of new contraceptives. The latter is a stated goal of the Contraceptive
Development Branch.

Proposed Course : This is expected to be a continuing contractual effort.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title: Development of Radioimmunoassays for Rhesus Monkey

Gonadotropins
Contractor: Endocrine Laboratories of Madison, Inc. (NOl-HD-0-2250)

Money Allocated: $78,553 (FY 70), $78,170 (FY 71), $64,688 (FY 72),

$97,190 (FY 73), $66,420 (FY 74)

Objectives ; This proposal is based on the recognition that rhesus monkey

gonadotropic hormones do not cross-react immunologically with their human

counterparts or at least not sufficiently to permit their detection in body

fluids by radioimmunoassay. In this project, the investigators will collect

urine from gonadectomized rhesus monkeys for the isolation of monkey LH and

FSH. The urinary gonadotropins will be utilized because of the limited avail-

ability of monkey pituitary glands. The gonadotropins thus obtained will be

used as antigens to obtain antisera for development of radioimmunoassays.

Purification of the hormones will be by procedures previously developed, and

by adaptations of methods developed in other laboratories and reported in the

literature.

Major Findings : The contractor has optimized the procedures for the recovery

of FSH from monkey urines. Acetone precipitation and ultrafiltration have

been employed for concentrating the activity. Starting with the crude acetone

precipitate, NICHD researchers have purified the material 100-fold. An RIA
for monkey FSH has been developed. Purified urinary FSH is being used as the

standard.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support the development of new meth-
odologies for the assay of steroid and protein hormones in the blood of

primates including man.

Proposed Course : This is expected to be a continuing contractual effort

leading toward the development of new assays of importance to drug evaluation
and is an integral part of the contraceptive development program.
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Rat Placental Lactogen Radioimmunoassay

Contractor : Professional Staff Association, Harbor General Hospital
NOl-HD-4-2871

Money Allocated: $53,984 (FY 74) for 2 years.

Objectives : Isolate rat placental lactogen and utilize if for the production
of RIA kits.

Major Findings : The investigator has collected a large number of placentae
and a large volume of serum from pregnant rats. To date, only partial
purification of placental lactogen has been achieved.

Significance to Biomedical Research and Program of the Institute : Develop-
ment of RIA techniques is important to the assessment of hormone and drug
action. It is directly related to contraceptive drug evaluation which is a

part of CDB mission.

Proposed Course : If the RIA kit can be developed within the two year period
the present contract will be discontinued.
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Population and Reproduction Grants Branch

Center for Population Research

The Population and Reproduction Grants Branch, within the Center for Population

Research, provides support for a broad range of programs for the acquisition
and dissemination of knowledge in the population sciences. Included among the
population sciences are all of the biomedical disciplines dealing with repro-
duction and all of the behavioral-social disciplines dealing with the ante-

cedents, determinants and consequences of population change. For fiscal 1975,
'

the PRGB received a budget of $29,677,000 to be used principally for the support
|

of research and training in the population sciences. Research, training and I

information dissemination activities were subsumed under the following five
programs of the Population and Reproduction Grants Branch: 1) Fundamental

|

Biomedical Research; 2) Fundamental Behavioral Research; 3) Institutional
Support of Multidisciplinary Programs in Population Research; 4) Population

1

Research Manpower Development; and 5) Conferences, Symposia and Workshops in '

Population Research.

Fundamental Biomedical Research on Problems of Human and Relevant Animal
Reproduction

The PRGB provides project grant support to individual scientists for research
on female fertility, male fertility, fertilization, gamece transport, repro-
ductive endocrinology, and animal reproductive behavior. During fiscal 1975, ^

more than 250 grants were awarded for research in this category which is the
largest PRGB program, by far, in terms of the number of grants awarded.
Numerous new and significant contributions to our knowledge of reproduction,
the regulation of fertility, and the alleviation of infertility were made by
recipients of grants for the study of reproduction in human and relevant animals.
Some of the contributions made by these recipients are presented below:

Blastocyst and Implantation . A tetrapeptide is produced by the two to four cell
developmental stages of the blastocyst in the oviducts of the hamster which
has been shown to prevent ovulation. It is hypothesized that the tetrapeptide
works by reducing the level of steroids produced by the oviductal stroma.
Removal of the oviducts prevents ovulation in non-bred hamsters and ovariectomy
results in an increase of steroids in the oviduct. The tetrapeptide presumably
works by reducing the level of oviductal steroid which may play a role in
modulating normal ovarian activity. The compound has been synthesized.

The identity of the macromolecule secreted by the rabbit blastocyst which elicits
a uterine response favorable for implantation is still elusive but continues to %
be actively studied. Whether it is gonadotropin-like is uncertain.

Ovar^. Hormonally induced mechanisms for regulating granulosa cell function
could be important in understanding why few follicles ovulate and many become
atretic. Studies in the rat suggest that some product of the action of LH on
thecal or interstitial cells may initiate atresia and loss of estrogen receptor

(
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in granulosa cells having little estrogen receptor, but luteinization and loss

of estrogen receptor occurs in those granulosa cells possessing large amounts

of LH receptor.

The interrelationship of LH and prolactin on luteal function in the rat is being

investigated in terms of their respective luteal receptors. Prolactin appears

to mediate the increase in LH receptors of luteal cells which occurs as lutein-

ization proceeds and this increase may be needed for the increased production

of progesterone. This dependency of luteal function on prolactin occurs at

the same time as an increase in luteal cell prolactin receptor.

Testis . Progress continues to be made in an understanding of the hormonal

control of sperm production. Testosterone stimulates sperm production and is

aided in that action by FSH which causes production of a carrier-type protein

(androgen binding protein, ABP) which conveys testosterone to the site of sperm

production. Clinicians have known for many years that when pituitary control

is impaired, androgens alone can maintain spermatogenesis but they cannot

initiate spermatogenesis. This phenomenon now appears to be related to the

production of ABP by the testis; androgen and FSH appear to be needed for

initiation of spermatogenesis. As androgen binding protein (ABP) is produced

by the Sertoli cell, it may be considered as a specific marker for secretion

by the Sertoli cell. Androgen alone does maintain such secretion in immature

hypophysectomized rats but cannot restore secretory activity after posthypophy-

sectomy regression. Administration of FSH, however, will result in a rapid

increase in concentration of ABP. A direct effect of FSH can be demonstrated

in isolated Sertoli cells; the media of such cultures show increased concen-

trations of ABP and also increases in levels of cyclic AMP.

Neuroendocrinology . The adrenal appears to have a definite role in modulating
the control of serum gonadotropins in the rat. Stress, i.e., ovariectomy or

sham-ovariectomy, induces an increase in estradiol and progesterone from the

adrenal which may mediate an early surge in LH and FSH. It appears that the

rapid rise in serum FSH after ovariectomy does not depend upon estradiol as

normal levels of estradiol are maintained by the adrenal. There seems to be

an acute separation of the control mechanisms for LH and FSH as they respond

differently to the same steroid picture.

Synthetic analogs of LH-RH continue to be made and biologically tested, espe-
cially those which can inhibit the pituitary response to the gonadotropin
releasing hormones. The most potent of these inhibitory compounds so far
contain D-amino acids in position 6 of the decapeptide sequence. Inhibition
of gonadotropin release can be for as long as 4 hours after administration of

some of these compounds to rats. In addition to LH, FSH release may also be
inhibited to some extent. The preovulatory surge of LH can be suppressed in
hamsters.

Steroids . Metabolism of steroids in target tissues such as the hypothalamus
and pituitary may play a role in the control of gonadotropin release. The rat
medial basal hypothalamus and the anterior pituitary can convert progesterone
to 5 alpha-dihydroprogesterone and 3 alpha-hydroxy- 5 alpha-pregnan- 20-one.
The possibility that 5 alpha-dihydroprogesterone may play a role in feedback of
progesterone is suggested by its selective accumulation in the hypothalamus and
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pituitary after injection of either labelled progesterone or 5 alpha-

dihydroprogesterone.

Incubation studies of labelled androstenedione with interstitial tissue,
tubules and whole testis of rat suggest that the major intratesticular site
of estradiol biosynthesis is in the interstitial tissue rather than seminif-
erous tubules.

A specific estradiol binding protein is present in the adult mammalian liver
(rat, monkey); it is much higher in the adult than in the prepubescent female.
It is suggested that this liver estrogen binding protein might be an estrogen
receptor which is somehow involved in modulating the synthesis of some plasma
proteins by the liver. Such proteins, i.e., clotting factors, renin substrate,
lipoproteins, may contribute to some of the side effects of oral contraceptives
containing estrogen.

Some new insight has been shed on the enzyme complex of the corpus luteum which
causes the conversion of cholesterol to pregnenolone (and hence to progesterone).
The cholesterol side chain cleavage enzyme complex of the corpus luteum has
been shown to be virtually identical with that from the adrenal cortex, con-
sisting of 3 discrete entities one of which is a cytochrome P 450. A hybrid
complex of elements from both corpus luteum and adrenal has been shown to have
full enzymatic activity. LH causes increased progesterone synthesis in the
corpus luteum very likely through the effect of cyclic AMP on protein kinase
which phosphorylates the cytochrome P 450 of this enzyme complex.

Gonadotropins . Continued studies of the subtler aspects of the structures of
the pituitary and placental gonadotropic hormones reveal more insight into the
roles played by the 3-dimensional conformations of these carbohydrate-containing
polypeptide hormones. The uniqueness of the two sub-unit structures elucidated
in past years has provided considerable knowledge about the nature of their
biosynthesis and the ways in which these molecules associate with the receptor
sites in their target tissues with such a high degree of specificity. In the
course of the past year, the complete amino acid sequences of both sub-units
of human pituitary follicule stimulating hormone (hFSH) have been described for
the first time. In this study the similarity of the d^ FSH sub-unit to the

^ sub-unit of human luteinizing hormone (hLH) was revealed. In the light of
the important role played by FSH in spermatogenesis, the possibility of an
immunologic approach to a selective interference in sperm production in the
male by way of the ^ sub-unit of hFSH has been suggested.

Human chorionic gonadotropin had been also shown to consist of two sub-units
resembling those of human LH. Although the two hormones possess almost
identical physiological properties, the longer biological half-life of hCG is
attributable to its greater content of carbohydrate elements. Considerable
progress has been made in determining the nature of the carbohydrate-amino
sugars of hCG and their location in the polypeptide chains. Other differences
in the structure of the /S-hCG sub-unit account for the specificity of the
radioimmuno logical pregnancy test in humans which was developed within the
intra-mural program.
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Fundamental Behavioral-Social Research on Population Problems

During fiscal 1975, more than 110 research grants were awarded to individual
behavioral-social scientists to enable them to conduct studies on the ante-
cedents, determinants and consequences of population change. Some of the
parameters studied were: 1) population composition and distribution; 2)

fertility; 3) mortality; 4) migration; 5) marriage, divorce and family; and

6) the causes and consequences of fertility decline and "zero" population
growth.

Considerable diversity was evident in the 15 behavioral-social disciplines
involved in submitting population research grant applications. As in fiscal
years 1973 and 1974, members of seven disciplines submitted most of the appli-
cations in FY 1975, as follows (FY 1974, first, and FY 1973, second, are
represented in the parentheses): Anthropology - 19% (107„) (9%); Economics -

17% (23%) (29%); Psychology - 13% (15%) (19%); Political Science - 13% (14%)

(5%); Sociology - 13% (12%) (15%); Demography - 12% (8%) (5%); Geography -

7% (4%,) (3%). Small numbers of applications were received from the following
disciplines: Mathematics-Statistics - 2% (2%) (3%); Psychiatry - 1% (2%)
(below 1%); and Regional Science - 1% (below 1%) (below 1%). Members of the
following disciplines. History, Home Economics, Obstetrics-Gynecology, General
Medicine, and Social Work, submitted one application each. VJhile changes in

the number of submissions by the disciplines may not be more than a yearly
variation, it may be noted that Anthropology and Geography increased. Economics
decreased. Psychology showed a little decrease. Sociology did not change, and

Political Science maintained the increase it exhibited last year. While
Demography increased somewhat, it should be stressed that, contrary to the
major historical role of demographers in population research, these scientists
are not submitting many grant applications to CPR. This means that if it were
not for the other behavioral-social science disciplines (Anthropology, Economics,
Psychology, Political Science, Sociology, and Geography), the grants program,
and perhaps behavioral-social population research in general, would be far
below national needs in both numbers and substantive scope. Thus, the necessity
of involving such behavioral-social disciplines in population research cannot
be over-emphasized.

The applications submitted during FY 1975 continue to exhibit the improved

substantive balance and scope achieved in FY 1974. The balance among major
substantive areas is as follows.

Substantive Area

Fertility
Population Growth, Movement.

Composition
Family and Women's Status
Population Policy
Mortality

Total

and

Numb-er

Applications Pc;rcent

'Y 75 FY 74 FY 75 FY 74

80 63 41 38

84 68 43 42

17 18 9 10

12 15 6 9

3 2

196 164
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21% 33%
31% 20%
28% • 17%
8%

.
10%

4% 8%
9% 8%

3%

70% 67%
30% 33%

The major areas of improved balance are reflected in the increased emphasis on

population growth, movement and composition with some shift from the fertility

area historically the preponderant subject of population research. Whether

this balance reflects a genuine recognition of the growing importance of under-

standing population growth, migration and composition, both for scientific and

policy reasons, remains to be seen.

It is interesting to see which substantive sub-categories of the major classi-

fications produced the most grant applications; the breakdown is as follows.

FY 75 FY 74

Fertility
Social-cultural factors

Psychological factors

Economic factors
Abortion
Sterilization
Family Planning
General

Family and Women's Status
Family and fertility
Women's status and fertility

Mortality
Mortality 100%

Population Growth, Movement, and Composition
Growth and decline
Movement (including migration)
Composition
Density

Population Policy
Population Policy 100% 100%

There are some variations in the patterns of emphases among the subject sub-
classifications in FY 1975 and FY 1974. However, it would be wise to note
trends over a number of years before drawing conclusions or attempting expla-
nations.

A number of the investigations funded in fiscal 1975 are of particular
importance and interest. Among these are the following:

Avery Guest, University of Washington, is studying the dynamics of the sub-
urbanization process in the United States, attempting to develop and clarify
hypotheses concerning the growth and development of suburban communities.

Norman Livson, California State University at Hayward, is taking advantage of a
unique set of data from two longitudinal studies to analyze the relationship of
family size to a variety of personality, cognitive, physiological and physical
measures.
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Paul Sarauelson, Massachusetts Institute of Technology, who, in 1970, was awarded

the second Nobel Prize ever given in Economics, is engaging in theoretical

demographic research on a hitherto unrecognized phenomenon, i.e., the possibility

that a population which is no longer increasing may generate distortion of the

sex ratio.

Etienne van de Walle, University of Pennsylvania, one the most outstanding

historical demographers, is investigating the correlates and causes of decline

of fertility in a European village between 1846 and 1880.

Institutional Support of Multidisciplinary Programs in Population Research

Leading institutions and research organizations in the United States receive

assistance from this PRGB Program in the establishment and management of

Population Research Centers and Program Projects in Population Research. Center

grants are awarded to such institutions and organizations for the support of

core facilities and services required for the enhancement of the quality and

productivity of ongoing, multidisciplinary, population research programs of

high quality. Program Project grants are awarded for the support of multi-

disciplinary research programs that are comprised of three or more inter-

related research projects which have a common research theme or focus on popu-

lation problems that are beyond solution through the use of traditional,

unidisciplinary research approaches. During fiscal 1975, 12 Population Research

Centers and 13 Program Projects were supported by funds allocated to the PRGB.

The recipient institutions and principal research areas of Population Research

Centers supported during fiscal 1975 are listed below: 1) Vanderbilt University -

reproductive hormone actions and their molecular controls; 2) The University of

Texas at Austin - population dynamics of minority groups; 3) Population Council

at the Rockefeller University - fertility regulation and the antecedents and

consequences of fertility; 4) University of Wisconsin - demography and human
ecology; 5) University of Chicago - molecular biology of reproductive processes;

6) Harvard University - reproductive biology and human reproduction; 7) Johns

Hopkins University - fertility in teenage women, male reproductive biology, and

demography; 8) Baylor Medical College - molecular biology of reproductive pro-
cesses; 9) University of North Carolina - behavioral-social population problems;
10) Columbia University - steroid biochemistry and female reproduction; 11)

Princeton University - demography, population economics and statistics; and
12) University of Pittsburgh - research in primate reproduction.

The Program Projects in Population Research listed below, along with their
principal research areas, were also supported during fiscal 1975: 1) Columbia
University - reproductive endocrinology relevant to problems of human repro-
duction; 2) The University of Michigan - reproductive endocrinology from
molecular to physiological levels; 3) The Northwestern University Medical
School - molecular, cellular and tissue mechanisms operative in the action of

hormones upon target cells and tissues; 4) The Oregon Regional Primate Research
Center - factors which control the events culminating in fertilization in non-
human primates; 5) The University of Pennsylvania School of Medicine - bio-
chemical, biological, and morphological events in the early processes of

reproduction and development prior to implantation; 6) The University of Texas
at Austin - control mechanisms at molecular to organismic levels; 7) Harvard
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University Medical School - reproductive biology, fertilization, embryogenesis

;

8) Case Western Reserve University , reproductive biology of events from ovulation
to implantation; 9) University of Texas at Houston - male reproductive function;
10) University of California at San Diego - gametogenesis and reproductive
biology; 11) Washington University - hormonal regulation of the reproductive
tract; 12) University of Washington - gamete transport in mammals; and 13)
Mayo Foundation - mechanism of action and molecular biology of estrogen,
progesterone and the gonadotropins.

Fiscal 1975 proved to be an especially productive year for PRGB, CPF-supported
Centers and Program Projects. While advances were made on many research
frontiers in the population sciences, the following contributions of these
multidisciplinary research programs are reported because of their special
significance in fundamental biomedical research and their implications for new
leads to fertility regulation and the alleviation of infertility.

Control of Gonadotropin Secretion by the Pituitary Gland . The pituitary gonado-
tropins, FSH and LH are known to control, in large measure, the functions of the
ovary and the testis. These gonads participate in the control of their own
functions by the secretion of sex steroid hormones (estrogen, progesterone,
testosterone, etc.) which function in the "feedback" stimulation or inhibition
of secretion of the pituitary gonadotropins. The knowledge of the role of the
pituitary gonadotropins in the control of ovarian and testicular functions
provides a theoretical basis for the development of new measures for the alle-
viation of infertility and the regulation of fertility in male and female
subjects. The development of such new measures on a practical basis has been
constrained by: 1) the painfully slow progress in our understanding of the
complex system of controls that govern the secretion of the pituitary gonado-
tropins; and 2) the identification of an appropriate sub-human "model" for the
conduct of required research that cannot be performed on human beings.

Our multidisciplinary programs have made significant advances in both of these
important areas. Gonadotropin secretion in the rat appears to be governed
primarily by the central nervous system while such secretion in the Rhesus
monkey and man appears to be governed by gonadal hormones. Moreover, one of
these hormones (estradiol) has been shown to exert both a "negative" and
"positive" feedback effect on the secretion of LH by the pituitary gland. The
feedback effect exerted by estradiol at a given time appears to be a function
of: 1) the "state" of the pituitary gland; 2) time-related incremental changes
in circulating levels of estradiol; and 3) the degree of stimulation of the
pituitary gland by LRF.

Development and Maturation of Ovarian Follicles . Control systems operative in
the development and maturation of ovarian follicles are of fundamental impor-
tance to our understanding of reproduction and to fertility regulation and the
alleviation of infertility. Although a great deal has been reported about the
roles of the pituitary gonadotropins in their stimulation of ovarian function,
little has been known, until recently, of how ovarian structures acquire
responsivity to such hormones. It now appears certain that follicular develop-
ment is related to both the presence of hormone and to the presence, within
the follicle, of specific receptors for the hormone. It has been reported from
our multidisciplinary programs that FSH binds exclusively to granulosa cell
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receptors and that estrogen acts to increase the amount of such FSH receptors.
FSH appears to stimulate the rapid appearance of LH receptor in estradiol-
primed granulosa cells.

New information on the development and maturation of ovarian follicles suggests
an explanation of how the fate of an ovarian follicle is determined. Whether
a follicle ovulates or undergoes atresia or luteinization in the presence of a

given amount of hormone appears to be related to the quantity and type of

receptors within. Control of the fate of ovarian follicles affords obvious
opportunity for the regulation of fertility or the alleviation of certain types
of infertility.

Mechanism of Action of Estrogen and Progesterone . Fiscal 1975 was a banner year
for the contributions of our multidisciplinary programs toward the precise under-
standing of how the female sex hormones, estrogen and progesterone, act to

control reproductive processes. For example, estrogen has been shown to act at

the level of the ovalbumin gene to produce specific mRNA molecules. Through
the use of a sophisticated genetic probe in elegant studies, it has been shown

that there are C-4 such mRNA molecules in unstimulated estrogen target cells.

Estrogen treatment can increase the level of such molecules to as many as 30,000
per cello In addition, estrogen has been shown to effect a 3-fold increase in

the number of RNA chain initiation sites on the chromatin of target cells.

Because such initiation sites are closely correlated with the concentration of

nuclear-bound estrogen receptors, the impression is clearly given that estrogen-
receptor complexes act directly on target cell chromatin to initiate gene

expression.

Significant new knowledge of the mechanism of action of progesterone, the hor-
mone of pregnancy, has been provided by our multidisciplinary programs. Two

4S progesterone receptor proteins have been purified to homogeneity from chick

oviduct. These two proteins appear to be linked as an A-B dimer when bound to

chromatin as components of the progesterone-receptor complex. The B subunit

appears to confer binding specificity at nuclear acceptor sites while the

A subunit might function in the stimulation of responsive genes. Of additional
significance is the purification of a progesterone receptor from the human uterus.

The receptor has a molecular weight of approximately 110,000, a degree of

structural integrity which suggests that it is a "pure" receptor, and a high

affinity for progesterone (Kd = 1 X 10~ M)

.

Multidisciplinary research approaches have led to important advances in our

knowledge of the mechanism of progesterone antagonism of estrogen-induced utero-
trophic responses. Target cell sensitivity to estrogen is a consequence of the

presence of estrogen receptors in the cytoplasm. After translocation of such

receptors to the nucleus subsequent to estrogen binding, further stimulation of

the cell by incoming estrogen must await replenishment of specific receptors in

the cytoplasm. Cytoplasmic receptor replenishment has been shown to occur in

two stages. The first stage is 4 to 8 hours in duration while the second stage

lasts for 8 to 24 hours after injection of estrogen. The second stage of

receptor replenishment does not occur in the presence of progesterone. This
suggests that progresterone reduces the sensitivity of estrogen target cells by

restricting the amount of receptors available for binding to estrogen molecules.
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Population Research Manpower Development
^

I

Funds in the PRGB budget for the development of research manpower in the popu-

lation sciences are used for the support of: 1) institutional training grants; i

and 2) individual fellowships. Although Research Career Development Awards
|

(RCDA's) and Research Career Awards (RCA's) are not supported with funds from ,

the PRGB budget for Population Research Manpower Development, they are included

in this category for the purposes of this report.
j

i

During fiscal 1975, 27 "old" training grants (TOl's) were supported at institu-
j

tions. Of these, 17 were awarded for research training in the biomedical sciences

and 10 in the behavioral-social disciplines of the population sciences. These

27 institutional recipients of training grants received a total of $2,617,770
j

for the support of 189 trainees. Of these trainees, 149 or 79% were predoctoral
|

students and 40 or 21% were postdoctoral fellows. The 27 institutions receiving
|

grants are: 1) University of Maryland; 2) University of Massachusetts; 3)
j

University of Pennsylvania; 4) University of Kansas; 5) University of Washington;
\

6) University of Texas, Austin; 7) Columbia University; 8) Medical College of

Georgia; 9) University of Pennsylvania; 10) Marine Biological Laboratory - Woods

Hole; 11) University of Illinois; 12) Baylor College of Medicine; 13) Case
!

Western Reserve University; 14) DePaul University; 15) Jackson Laboratory; 16)

Washington University; 17) University of Wisconsin; 18) University of Chicago;

19) Princeton University; 20) University of California, Berkeley; 21) University
of North Carolina; 22) Brown University; 23) University of Pennsylvania; 24)

Johns Hopkins University; 25) University of Michigan; 26) Cornell University; and

27) University of North Carolina.

The budget for this program also provided $696,509 for the support of 66 indi- |

vidual postdoctoral fellowships. Of these recipients, 59 received training in

reproductive biology and 7 received training in behavioral-social disciplines.

RCDA's are awarded to outstanding senior post-doctoral candidates to enable them
to devote full time to the development of expertise in given areas of population
research. These awards provide up to $25,000 per year for up to five years.
Approximately $700,000 were disbursed for support of 29 RCDA's. Although the
program has been phased out, the PRGB continues to support two recipients of
RCA's who received long-term commitments of support.

While continuing its support for "old" research training grants (TOl's) for which
commitments were made prior to phase-out of the program, the PRGB has received
23 applications for "new" research training grants (T32's) for which support may
be provided under the authority of the National Research Act (PL93-348). This
one-year Act authorizes support for biomedical and behavioral research training
grants as well as both pre- and post-doctoral fellowships. Some of these "new"
applications will be funded as National Research Service Awards if: 1) they are
approved at the June 1975 meeting of the NACHHD Council; 2) there is time for (

processing the awards between the Council meeting and the end of the fiscal year;
and 3) approval for funding of the applications is granted by the Associate
Director for Extramural Research and Training at NIH. The National Research
Service Awards differ from "old" training grants in that individual recipients
of support are required to agree to a service-payback commitment.

{
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Since the National Research Act expires on July 1, 1975, there is concern for

PRGB authority to support new institutional research training grants in fiscal

1976 and future years. Such support in the future appears to be dependent upon

the designation of "shortage areas" of research manpower by the National Academy
of Sciences, the enactment of new authority, the appropriation of funds, and the

release of those funds for payment of new National Research Service Awards.

Conferences, Workshops and Symposia in Population Research

Conferences, workshops and symposia are sponsored by the PRGB, CPR for the
following purposes: 1) to facilitate or intensify exploitation of seminal
developments or "breakthroughs" in critical areas of population research; 2) to

facilitate the resolution of problems that inhibit research progress; and 3) to
facilitate the rapid dissemination of new and significant information regarding
reproduction, and the antecedents, determinants and consequences of population
change. The following conferences, workshops and symposia were sponsored by the
PRGB during fiscal 1975:

Conference on "Recent Advances in Fertility Regulation" - New York City, July
1974. This conference, co-sponsored by the PRGB, CPR and the Population Council,
provided a forum for leading biomedical scientists to present and to discuss
recent advances in biomedical research of relevance to contraceptive development
and fertility regulation. Dr. Sheldon J. Segal, Vice-President of the Population
Council, and Dr. William A. Sadler, Chief of the Population and Reproduction
Branch, served as Co-chairmen.

The Annual Meeting of Directors of CPR-supported Population Research Centers and
Program Projects was held in July 1974 in association with the above conference
to discuss matters of mutual interest and concern of the directors and NIH staff.

Symposium on " Implantation " - Ottawa, Canada, July 1974. The symposium was
sponsored jointly by the PRGB, CPR and the Society for the Study of Reproduction
(SSR). The process of implantation is one of the most important and one of the
least well understood processes in reproductive biology. Since implantation is
generally considered to mark the beginning of pregnancy, it was considered to be
a timely subject for discussion because of new developments in research on the
interactions between the blastocyst and its uterine implantation site.

Summer Institute in Population , University of North Carolina, August 1974. To
contribute to the development of behavioral-social scientists in population, CPR
sponsored a 4-week institute. Seven postdoctoral scientists from each of 5 dis-
ciplines participated in 1974 (anthropology, economics, political science,
psychology and sociology). Ten of the 25 participants in 1973 have since sub-
mitted grant applications and 5 of these have been funded by CPR.

Workshop on "Neuroendocrine Control of Gonadotropin Secretion in Primates " -

Bethesda, June 1975. This workshop will bring together investigators in neuro-
endocrinology to discuss developments in the neuroendocrine control of gonado-
tropin secretion in primates, to attempt to resolve current controversies over
the results of deaf ferentiation of the medial basal hypothalamus in rats and
primates, and to discuss the relevance of the "rat model" as a research tool for
evaluation of neuroendocrine control of reproduction in primates.
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NICHD AENUAL REPORT
July 1, 197^ through June 30, 19T5

Center for Populat:.on Research
Contraceptive Evaluation Branch

Modern methods of contraception have come into increasingly more frequent use
"both here and abroad during recent years. By far the most common method used
in this country is the combination oral contraceptive steroid pill. Intra-

uterine devices are preferred by several million women. Furthermore, vasectomy
has become an acceptable and particularly in the western part of the United
States, frequently used technique of male sterilization. The widespread use

of these various methods has resulted in a wide range of clinical experience
and in the recognition of several complications associated with the use of

some of these.

It is the objectives of this program to develop and direct a coordinated pro-
gram concerned with the evaluation of the safety of methods of contraception
currently in use. The emphasis in this evaluation, particularly with respect
to the contraceptive steroids, is on the long-term safety.

The branch has a staff of four professionals and two secretaries. Dr. Bruce
Stadel, a medical epidemiologist, joined the program in September of last
year as did Mrs. Milvi Graham in the capacity of a secretary. The branch also
enjoyed the close collaboration of the Contract Management staff and parti-
cularly the services of Mr. Richard Wagner, who has complimented the profes-
sional staff effectively by providing expertise in contract management.

Several important developments of relevance to contraceptive safety occurring
during the past year are briefly cited. There has been an increasing concern
about serious complications associated with the use of intrauterine devices.
It became apparent that the specific information required to assess the rela-
tive safety of the different intrauterine devices in use was not available.

Further two recent publications from England have reported an increase in

myocardial infarction in women on oral contraceptive steroids. This risk
appears to be alarmingly great in the presence of other factors such as

obesity, hypertension, diabetes, and smoking.

Furthermore, an important publication appeared from a longitudinal study of
oral contraceptive users sponsored by the Royal College of General Practition-
ers in Great Britain which provides the most comprehensive summary of the
adverse health effects among OC users. The importance of this publication
stems primarily from the fact that some of the more serious complications of
oral contraceptives recognized through case-control studies were confirmed
by this prospective project.

CEB in conjunction with the Nutrition Council of the American Medical Associ-
ation sponsored a symposium entitled "The Effect of Oral Contraceptive Ster-
oids on Essential Nutrients and Nutritive Health Status of OCA Users" in
October of 197^ • The proceedings of this meeting have been published in

the April and May issue of the American Journal of Clinical Nutrition .
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Furthermore, on June ±9, 1975 the branch is sponsoring a symposiimi on
"Oral Contraceptive Use and Health Status of Women" as part of the annual
meeting of the Society for Epidemiology Research in Albany, New York.

The current program of the CEB is summarized under several specific sub-
headings .

Longitudinal Surveillance - The prospective study of l8,000 women known as

the Walnut Creek Contraceptive Drug Study has provided additional important
information not previously available on the effects of oral contraceptives
among women users . Most notably among the observed effects are those con-
cerned with risk factors of cardiovascular disease. Thus, the pill has been
shown to increase blood pressure and the incidence of hypertension among its

users, to result in a shift in glucose tolerance to the right, to increase
triglyceride levels , to result in an increase of cholesterol in women under
i+0 and to increase weight. Furthermore, a decrease in gamma globulin levels
was identified among OCA users which was further aggravated by the use of

cigarette smoking. Whether this observation explains the observed increase
in specific viral infections and in urinary tract infections among OCA users
remains to be determined.

The first of three volumes of a Monograph series of the findings from the
Walnut Creek Contraceptive Drug study has appeared in print, published by the
G.P.O. The second volume is expected during the coming year and the third
volimie is in preparation. The current emphasis of the analysis of data is on

the effects of the pill on carcinoma in situ, glucose tolerance and diabetes,
gall bladder disease, and on hypertension.

Evaluation of carcinogenic potential - The four projects in this area are ter-

minating now or early in FY 1976. Two consisted of case control studies of

breast cancer and oral contraceptive exposure. Both of these studies showed
results in keeping with previous investigation, namely that there appears

to be no increase in relative risk of breast cancer among women exposed to

oral contraceptive steroids.

The two other contracts dealt with cervical dysplasia and carcinoma in situ

among oral contraceptive users. The analysis of prevalence data on moderate

to severe dysplasia among oral contraceptive users shows a slight increase in

the occurrence of dysplasia among oral contraceptive users after five years
of exposure. The possibility of confounding factors accounting for this

association needs to be further explored. ,

A study to evaluate the rate of progression from mild dysplasia to more moder-

ate to severe forms by contraceptive status is also in the final stages of

analysis and is expected to be completed by mid-FY 1976.

Interaction of contraceptive steroids with essential nutrients - A comprehen-

suve program has been conducted dealing with cross-sectional and longitudinal

surveys of oral contraceptive users and of controls focusing on the possible
interactions of oral contraceptive agents and essential dietary nutrients.
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other projects are concerned with specific interactions of oral contraceptives

and vitamin Bg, folate, thiamine and vitamin K and the possible clinical

implications of such interactions.

Two contracts deal with trace mineral balance as affected by oral contracep-

tive agents.

Three major surveys of oral contraceptive users are in the final phases of

the data collection and analysis. The results are to appear in the form of

a monograph to be completed during FY 76.

The important effects of oral contraceptive agents on folate, Bg, zinc and

copper with levels of the first three being decreased and copper being sub-
stantially increased, have now been confirmed by several studies conducted
under this program. The clinical significance, if any, of these findings
is not fully imderstood.

An increase in cholesterol and triglyceride levels among oral contraceptive
users has been seen now in different population groups studied. In view of
the recently documented increase in myocardial infarction among women on oral
contraceptive agents, these effects may be of major significance.

An important project has further advanced our understanding between OCA in-
duced vitamin Bg deficiency and glucose tolerance. Women on OCA show a
decreased glucose tolerance which normalizes upon Bg supplementation. The
investigator is exploring an observation suggesting that the OCA related
Bg deficiency which must be labelled functional in nature appears to favor a
shift of pyruvate away from gluconeogenesis and into triglyceride synthesis.

A further study has shown for the first time a direct link between estrogen
and the enzyme conjugase which is involved in the regulation of folate meta-
bolism. The recent observation that megaloblastic changes are commonly seen
in cervical epithelium of women on oral contraceptive agents which seem to
disappear with folate supplementation will be vigorously explored during the
coming year by this investigator.

Thrombosis and Thromboembolism - Three contracts fall under this heading.
A case-control study of thromboembolism and oral contraceptive use revealed
a dose-response relationship. Women using estrogen containing oral contra-
ceptive preparations of more than 100 micrograms (//g) had a relative risk of
thromboembolism of 10.1 as compared to U.7 for women on preparations of less
than 100 micrograms (//g) of estrogen. This is the only known serious compli-
cation due to the use of oral contraceptives where a change in formulation to
low-dose estrogen pills has resulted in prevention of disease, namely a
reduction in incidence of thromboembolism.

A case-control study of stroke in relation to oral contraceptive use has
demonstrated a six to eigh-c-fold increase in relative risk of stroke among
OC users. This and also the previously mentioned project showed a consider-
ably lower relative risk among blacks as compared to whites. The significance
of this ethnic difference is not known.
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One project has attempted to make use of fibrinogen chromatography to identify

transition products of intravascular coagulation in order to clarify the

relationship between oral contraceptives and thrombosis.

Birth Defects - The objective of this program is the evaluation of the effect
of the use of contraceptive agents during or immediately prior to conception
on the risk of birth defects. In addition, the effect of sex steroids given

for reasons other than contraception (pregnancy tests, support for threatened
abortion) is also being evaluated.

Each of the contracts has somewhat different emphasis, thus they tend to com-
plement rather than duplicate one another.

Several are case-control studies of selected groups of malformations and
controls in order to determine the relative risk of malformations in relation
to contraceptive exposure. Two deal with certain congenital malformations
of the heart which based upon reports in the literature are suspected of being
associated with the use of oral contraceptives and/or sex steroids early in
pregnancy. Preliminary data from a study of limb reduction deformities showed
an increase in relative risk of these malformations among women with a history
of sex steroid exposure early in or immediately prior to pregnancy.

Several other studies are approaching this problem prospectively starting with
pregnant women grouped by histoiy of contraceptive exposiire. These projects
in addition to their focus on birth defects among the offspring are to address
themselves to such questions as infant mortality, low birthweight, and also
the recently postulated effect on sex ratio in relation to oral contraceptive
exposure.

A study in progress in Jerusalem has recently published an increase in incid-
ence of specific birth defects among women exposed to sex steroids early in
pregnancy. A 30^ increase in malformations was observed among women exposed
as compared to unexposed women. Further investigation is in progress to
separate the effects of the indication for the use of these sex steroids from
the sex steroids themselves.

One project is making use of existing data collected as part of a broad scale
perinatal program by the late Dr. Yerushalmy. These data cover a period
during which oral contraceptives had just been introduced and were rarely used
but other methods, particularly spermicidal agents were used with relative
frequency.

One project is tracing the offspring of women who used diethylstilbestrol
early in pregnancy. This unique study is based upon a controlled clinical
trial conducted in the early 1950 's to evaluate diethylstilbestrol as a means
to reduce complications of pregnancy and perinatal mortality. Only limited
information is as yet available from this project. It revealed that girls
exposed in utero to diethylstilbestrol showed an 80^ incidence of vaginal
adenosis

.

The balance of case-control and cohort studies and the diversity of populations
and contraceptive practices studied should provide sufficient scope to
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clarify the issue of contraceptives associated birth defects.

Metabolism of Oral Contraceptives in Normal Women - Two studies of the meta-
bolism of oral contraceptive steroids in normal women of reproductive age
are continuing. One project is concerned with the metabolism of the estrogenic
components of oral contraceptives, mestranol and ethinyl estradiol. It has
demonstrated that the use of combination type oral contraceptives does not
influence the rate of metabolism of the estrogenic component and that mestranol
is rapidly converted to ethinyl estradiol. The chemical routes by which the
estrogenic components are broken down are being studied by identifying meta-
bolites in urine after administration of specifically labelled estrogens.
The second metabolic study has demonstrated that norethindrone, one of the
progestins used in oral contraceptives, is rapidly cleared from plasma but
circulating metabolites remain in the plasma for extended periods of time
after a single intravenous or oral dose. With oral administration of labelled
norethindrone over a four day period, these long-lasting metabolites accijmulate
in increasing levels in plasma. Maximum levels obtained after long-term
contraceptive use remain to be determined. This study has also demonstrated
that the rate of metabolism of norethindrone is more rapid after chronic
use of oral contraceptives containing this progestin than it was in the same
women before starting the contraceptive regime.

Metabolism and Pathological Effects of Oral Contraceptives in Selected Animal
Species - Several projects are concerned with the suitability of the beagle
as an animal model for toxicity testing of contraceptive steroids. Two con-
tracts support pathologic studies of the mammary lesions which occur in bea-
gles after treatment with some types of contraceptive steroids and the rela-
tionship these lesions may have to possible carcinogenic effects in women.
The mammary lesions are being carefully evaluated in comparison with spontan-
eous canine mammary lesions and human breast cancer. The other pathology
project is a longitudinal study of changes in mammary glands and uteri of
beagles receiving three dosages of medroxyprogesterone acetate over periods
up to three years. In a related project, plasma levels of endogenous estro-
gen, progesterone and LH in the normal reproductive cycle of the beagle have
been determined and the effects of chronic treatment with medroxyprogesterone
acetate on levels of these hormones are now being investigated. The data will
be correlated with information on the development of mammary lesions . In
another project concerned with evaluating the beagle as an animal model,
data are nearly complete on the effects of combination type oral contraceptives
and their separate estrogenic and progestational components on carbohydrate
and lipid metabolism in beagles and baboons.

The metabolism and effects of contraceptive steroids are also investigated in
several studies of monkeys and smaller laboratory animals. One i.arge project
is concerned with the metabolism and biochemical effects of a series of pro-
gestins in various target tissues in rodents, dogs, monkeys and ultimately
humans. Data thus far indicate that, in tissues of the female reproductive
tract and mammary gland, progestin effects are mediated by a progestin
receptor which is stimulated by estrogen and has higher affinity for progestins
than androgens. In most other tissues (e.g., kidney, submaxillary gland,
preputial gland, brain) progestin action is mediated by way of the receptor
for androgens, and in some tissues such as liver, progestin action does not
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involve any specific receptor. The efficacy and the various side effects
of contraceptive steroids are presumably mediated by their separate actions
in different tissues, and this concept of action on different receptors (or
no receptor) in different tissues may offer a basis for separating desired
efficacy from specific undesired side effects as well as a basis for predicting
the occurrence of specific side effects from short-term animal studies.

Vasectomy - The program of the effects of vasectomy includes twelve active
contracts for animal and clinical studies of the immunologic, endocrine,
physiologic, hematologic and medical effects of the procedure. The incidence,
time course, and immunologic characteristics of antisperm antibodies develop-
ing after vasectomy are being defined. Efforts are being made to identify
cell-mediated immune responses, and the immunopathologic consequences of
vasectomy and immunization with genital antigens are under investigation.
Two projects include serial studies of serum levels of gonadal and pituitary
hormones in men before and after vasectomy. In experimental animals, the

effects of the procedure on intratubular pressure in the epididymis and testis
and on changes in permeability of the blood-testis barrier and epididymal wall
are under investigation with sophisticated techniques previously used in

studies of kidney function. One project is studying blood coagulability in

men before and after vasectomy in an effort to define possible, risks of

thrombophlebitis and thromboembolism. Five projects include medical follow-up
of relatively small groups of patients together with intensive examination of

various immunologic and endocrine parameters. Important developments in the
scope of the program this year include initiation of a study of medical and
immunopathologic alterations in a unique group of monkeys vasectomized up to

ten years previously, and new emphasis in an ongoing project which is now
studying the effects of vasectomy in animals and patients with genetic predis-
position to autoimmune disease and thus potentially higher risk of developing

immune responses to vasectomy.

Several important findings have been made during the year. One contractor
has identified antibodies to seven topographically defined sperm antigens and

has been able to divide these antibodies into two groups which he calls

"natural" and "immune." The "natural" antibodies are present in 60% of men
before vasectomy and also occixr in women and children. These antibodies cross

react with antigens of a number of common bacteria and may result from bacter-
ial infection. The "immune" antibodies, on the other hand, are very rare be-
fore vasectomy and increase markedly within 6-9 months after the operation.

In another project antibodies to human protamine, a nuclear sperm antigen

which has been purified and chemically characterized, have been found in 22^

of men one year after vasectomy. In view of the nuclear origin of this anti-

gen, implications for autoimmune disease are being explored. Several projects

have encountered inconsistencies in results from assays for cell -mediated

immune responses to sperm antigens in animals and man. These difficulties

presumably are due to the mixed nature of the antigens used in the various

assays, and two projects will therefore direct attention next year to purifi-

cation of the various antigens and determining the effects of purified pre-
parations in tests for cell-mediated immunity. Two studies oi" hormone levels

have thus far revealed no adverse effects of vasectomy but these studies will

be continued to provide 2-year follow-up. The clinical studies of random
populations have thus far revealed no evidence of disease attributable to
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vasectomy but the numbers are small, the follow-up period is still short,

and the imputed sequelae are rare.

A workshop involving investigators in the vasectomy contract program and a

number of consultants reviewed data from these projects and considered the
possible need for new research directions. The goals of the program are to

identify any adverse effects of the procedure or, conversely, to establish
its safety as a contraceptive measure. The immunologic and physiologic
sequelae are being defined and efforts should now be directed to a major step
forward in determining the long-term health significance of these alterations.
Two approaches were considered particularly promising. The first approach
is that which is now being utilized in the study of long-term vasectomized
monkeys initiated this year. A cohort study of men vasectomized several
years ago, possibilities for which are now being explored, could provide
invaluable data on any health effects of vasectomy. The second approach in-
volves the study of various animal and human populations which may be at

higher risk of developing immune reactions. One such study is now in progress
in the investigation of individuals with genetic predisposition to autoimmune
disease.

New projects under development during FY 1973 - Three new program initiatives
were undertaken during FY 1975 based upon Request for Proposals issued during
this time. One deals with the problem of hypertension among oral contraceptive
users, one with the evaluation of serious complications related to intrauterine
devices currently in use and the third one is attempting to evaluate the
effects of induced abortion on subsequent pregnancy performance.

Hypertension - While the risks of hypertension among oral contraceptive users
have been identified by several investigators, some aspects of this complica-
tion have not been adequately explored particularly with relevance to certain
segments of the U.S. population. Three projects have been developed. One is
addressed to the incidence of hypertension due to OCA among blacks in view
of the known higher risk of hypertension among blacks. The others are con-
cerned with the evaluation of risk factors of OCA induced hypertension, its
natural history, reversibility and response to therapy.

lUD Related Complications - Serious complications associated with intrauterine
devices are thought to be very rare. It is for this reason not surprising
that the evaluations of the effectiveness of certain intrauterine devices con-
ducted \mder the auspices of the Population Council during the past, have
contributed very little to the quantitative assessment of serious complications
because of limitations of sample size. The experience in this couatry with
lUDs has brought forth a number of maternal deaths associated with its use
due to septic abortions and shock among breakthrough pregnancies. Since there
is no precise information available a case-control study is under development
of serious complications which are suspected of being associated with the use
of specific intrauterine devices. Several clinics are needed to provide the
necessary case material for this investigation with one center serving in the
capacity as study coordinator and data management center. The proposals are
under final review and it is expected that the data coordinating and manage-
ment center will be funded before the end of FY 1975.
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Induced Abortion and Subsequent Pregnancy Performance - Several investigations
from other countries have strongly suggested that the risk of prematurity
and/or low birthweight is increased subsequent to induced abortions. It is

suspected that this increase in prematurity may be due to an effect of the
technique by which induction of abortion is achieved on the function of the
uterine cervix. Because of the widespread use of induced abortions as a

method of fertility control, data are needed based upon the experience in
this country to evaluate the risks on subsequent pregnancies associated with
induced abortions. Proposals to study this issue are currently undergoing
review. Because of time limitations, it is not possible to fund any of these
projects during FY 191'? •
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NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Evaluation Branch
Contract and Collaborative Research

Contract Title: Prospective Study of the Effects of Contraceptive Agents,
Related Methods, and Procedures on the Frequency of

Birth Defects
Contractor: Kaiser-Permanente Medical Center, Walnut Creek, California

(NICHD-CEB-74-2861)

Money Allocated: $308,825 (FY 1975 funds)

Objectives : It is the objective of this project to evaluate the effect of con-

traceptive agents and methods used immediately before or around the time of

concention on the risk of birth defects and other abnormal pregnancy outcome

among the offspring. Other fetal effects to be evaluated include perinatal
mortality, low birthweight and sex ratio.

Significance to Biomedical Research and Program of the Institute : Case reports
and small sample studies have appeared in the literature suggesting an increase
in certain malformations among the offspring of women who were inadvertently
exposed to the hormones used in oral contraceptive agents early in pregnancy.
These data are inconclusive and controversial. This major prospective study
should provide the information to thoroughly evaluate the problem.

Major Findings : None. The study is in the first year phase of data collection.

Proposed Course : Pregnant women are enrolled as they attend the prenatal care
facilities of six Kaiser-Permanente Hospitals belonging to the Northern Cal-
ifornia Region. A total of about 40,000 pregnancies will be enrolled over
a period of two to two and one half years. Information is collected on the
contraceptive history prior to and around the time of conception, hormonal
exposure early in pregnancy and on other intercurrent events and demographic
information likely to affect the variables under investigation. Pregnancy
outcome is recorded and data on congenital malformations in the offspring
obtained from the examination during the newborn nursery stay. The infor-
mation particularly on congenital malformations will be updated bv a follow-
up of each live born surviving child to one year of age.

On the basis of estimates recently available. about 40% of women of child
bearing age and attending the Kaiser care facilities are or have used oral
contraceptive agents, another 40% make use of other methods of contraception
such as diaphragm, condom, intrauterine devices and some 20% report no history
of contraceptive use.

I

{
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Contract Title: Contraceptive Agents and Birth Defects
Contractor: Harvard School of Public Health, Boston, Massachusetts

(P.I. Kenneth J. Rothman, Ph.D.)
Money Allocated: $87,130 (EY 1975 funds)

91,529 (FY 1976 funds)
89,478 (EY 1977 funds)

Objectives : The objectives of this study are to determine the effects of oral
contraceptives and hormonal pregnancy tests on 1) the risk, of congenital mal-
formations and 2) other characteristics of the offspring.

Major Findings : The study is divided into two parts. Part I is a follow-up
study of a cohort of 66,000 women from metropolitan Boston whose contraceptive
use has already been determined. Pregnancy outcomes will be compared among
subgroups of this cohort with different contraceptive use histories. 1000
birth certificates have thus far been located. These are being checked with
hospital records and vital statistics to ascertain pregnancy outcome data.

No conclusions from this data are available yet. The process of locating the

birth certificates is being refined and the rate of location is accelerating.

Part II of this study is a case-control investigation of children with con-
genital cardiac defects bom in Massachusetts after December 31, 1972. Con-
trols are being obtained by a random sample of births in Massachusetts

.

Questionnaire forms have been sent to the mothers of 68 cases and to the

mothers of 200-300 controls. The response rate thus far has been high. No

analysis of the incoming data has yet been performed.

Significance to Biomedical Research and Program of the Institute : Congenital
defects related to use or failure of current contraceptive techniques may
represent a significant public health problem. This project will help to

define and quantify this problem.

Proposed Course : 1) The follow-up study will continue. Pregnancy outcome will
be compared for women who: a) used oral contraceptives until they became preg-
nant, b) became pregnant within 3 months of discontinuing oral contraceptives,
c) became pregnant within an unknown interval after discontinuing oral con-
traceptives , d) used oral contraceptives but not within the 12 months prior
to pregnancy, and e) never used oral contraceptives. Pregnancy outcome data
will include sex, congenital defects, birthweight, and other parameters.
2) The case-control study will continue. This will ultimately involve 500
cases of congenital malformations of the heart and 1000 controls. The cases
are ascertained through the New England Regional Infant Cardiac Program;
controls are a random sample of all births in Massachusetts. Data con-
cerning contraceptive use and related drug exposures is being collected by
self-administered, mailed cues tionnaires .Intake, processing, and analysis of
all data is expected to be completed within 36 months of the beginning of the
study.

225



NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Contraceptive Evaluation Branch
Contract and Collaborative Research

Contract Title: Maternal Factors in Birth Defects

Contractor: University of Maryland School of Medicine, Baltimore,
Maryland (P.I. Charlotte Ferencz, M.D. , M.P.H., Professor,
Department of Social and Preventive Medicine)

Money Allocated: The project has not been funded pending 0MB clearance of

the proposed questionnaire
Money Requested: $83,877 for first year 1

Objectives : The objectives of this project are to determine the effects of

oral contraceptives, other methods of contraception, and hormonal pregnancy
I

tests on the risks of congenital malformations.

Major Findings : None - The project has not yet become operational.
j

i

Significance to Biomedical Research and Program of the Institute: Congenital
defects resulting from oral contraceptive failure, other aspects of contra-
ceptive practices, or from horroonal pregnancy tests may represent a significani
public health problem. The proposed project will help to specify and quantify
this problem.

Proposed Course : The objectives of this contract will be achieved by per- .

formance of a case-control study. The population to be studied will be '

that served by the Regional Intensive Care Nursery Unit of Maryland.

a) Cases will be ascertained by a search of hospital and vital records since
1972 for the area served by the Regional Intensive Care Nursery Unit of
Maryland.
b) Additional efforts will be made to verify completeness of case ascertain-
ment.
c) It is anticipated that approximately 120 infants with conotruncal malfor-
mations of the hear, 30 infants, with "hypoplastic left heart syndrome and
360 controls will be studied.
d) Normal controls will be selected from among the 25 babies born immediately
before and immediately after each case. Matching characteristics will be:
birth, hospital, birthdate, birthweight, race, sex, and other pertinent
variables

.

e) Information on contraceptive use and other hormone exposure will be
obtained by questionnaire. This information will be supplemented bv data
from medical records.

(
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Contract Title: Evaluation of the Effects of Contraceptive Agents,
Related Methods and Procedures and Frequency of

Birth Defects
Contractor: New York State Department of Health, Health Research, Inc.

Albany, New York (P.I. Dwight T. Janerich, D.D.S., M.P.H.)

Money Allocated: $54,491 (IT 1975)

$60,029 (FY 1976 funds)

Objectives : The primary objective of this epidemiological study is to detect

any association between contraceptive practices and subsequent birth defects.
In the event that a positive association is found between pill failure and •

any type(s) of congenital malformations, the Obstetrics-Gynecology Department
of the Albany Medical College will develop a program for complete endocrine
evaluation of mothers of congenitally defective children who experienced un-
explained oral contraceptive failure.

Maj or Findings : Exposure to exogenous sex steroids during pregnancy has been
investigated in 108 mothers of children with congenital limb reduction defects
and 108 mothers of normal controls . Exposure resulted from pregnancy tests
supportive hormone therapy, and breakthrough pregnancies occurring while the
mother was using oral contraceptives. Among mothers with malformed children,
15 (14%) had a history of exposure four (4%) control mothers of normal children
were exposed. Of the 15 exposed and affected children, the mothers of 11 had
received orally administered hormones. The sex ratio of the nonexposed
children was not exceptional, but affected children with a history of exposure
to orally administered hormones were all males. This association suggests
that orally ingested progestins may have an effect on the developing fetus
that is seK specific.

Significance to Biomedical Research and Program of the Institute : Congenital
defects resulting from contraceptive failure or from pregnancies immediately
following contraceptive use may represent a significant public health pro-
blem. The project will assess the substance and magnitude of this problem.

Proposed Course ; Further case-control investigations are being carried out on
mothers of 200 children with central nervous system defects (and 200 controls),
100 children with mongolism (and 100 controls), 100 children with multiple
birth defects, excluding cardiovascular (and 100 controls) 100 children with
cardiovascular defects (and 100 controls), and 100 children with hypospadias
(and 100 controls). These types of malformations are being investigated be-
cause of suggested associations with sex steroids in the literature and
availability. Preliminary analysis of the central nervous system study group
reveal a pattern similar to that observed in the limb reduction study group.

The operational base of the project is the New York Birth Defects Institute
Surveillance Program.
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I

Contract Title: Consequences of Contraceptive Failure in Terms of Birth-
weight, Fetal Loss, Congenital Malformations, and Infant
Mortality

Contractor: Child Health and Development Studies, School of Public
Health, University of California, Berkeley, Oakland,
California, (P.I. Frank Wm. Oechsli, Ph.D.)

Money Allocated: $21,700 (FY 1975 funds)
|

Objectives : The objectives of this program are to determine the consequences ,

of contraceptive use around the time of conception in terms of fetal loss, I

low birthweight, infant mortality, and congenital malformations.

Major Findings : Four variables (mother's age, parity, mother's education, I

ethnic group) have been found which correlate significantly with one or more I

pregnancy outcome variables (low birthweight, short gestation, fetal loss, '

congenital abnormalities, infant death). These variables are also signifi-
cantly correlated with contraceptive use.

Tabulation of pregnancy outcome against contraceptive use has been performed
for 9600 pregnancies occurring among white mothers. A significant excess
of low-birthweight and short-gestation pregnancies has been found among i

women who used no contraceptives in the interval since last pregnancy (or

marriage). This is probably a consequences of the excess of young, low-
parity women in this group.

There is an excess of reported fetal deaths among women who reported dis-
continuing the use of the diaphragm before their last menstrual period. This
is probably a consequences of earlier knowledge of pregnancy among this
group than among other groups; their early fetal losses would thus be ex-
pected to be more completely reported.

There is an excess of serious abnormalities among users of contraceptive foam
or ^elly who reported having used the method after the last menstrual period.
This issxie is being examined further.

Significance to Biomedical Research and Program of the Institute : Congenital
defects resulting from oral contraceptive failure, other aspects of contra-
ceptive practices, or from hormonal pregnancy tests may represent a signifi-
cant public health problem. i

Proposed Course : Final analysis of the data should be completed in a few months
time. The data base was established prior to initiation of this project
and requires only continuing analysis and interpretation.
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Contract Title: The Effect of Oral and Other Contraceptives on Congenital
Abnormalities and Outcome of Pregnancy-

Contractor: Hebrew University-Hadassah Medical School, Jerusale^nj
Israel (P.I. Dr. Susan Harlap, Lecturer in Epidemiology)

Money Allocated: $199,880 (FY 1974 funds)

Objectives : The objectives of this project are to 1) measure the effects of
contraceptives used prior to and at the time of conception on outcome of preg-
nancy ,e specially the incidence of congenital defects and chromosome aberra-
tions 2) measure pregnancy outcomes in relation to the age of ova at the time
of conception.

Major Findings : Of 11,468 babies born to mothers interviewed prepartum
(1966-1968) concerning drugs taken in early pregnancy 432 (3.8%) were born
after definite or probable administration of oestrogens or progesterones.
47 had one or more major or minor malformations - a rate of 108.8 per 1000.
The rate for babies without exposure was 77.6 per 1000. The difference is
statistically significant. Among the 20 babies bom after their mothers had
reported taking therapeutic estrogens, there were 3(69.0 per 1000) with mal-
formations, whereas the 274 born after administration of progesterones had a
malformation rate of 127.7 per 1000. Again, the difference is statistically
significant

.

The risk of major malformations was found to be 20% higher in the group ex-
posed or probably exposed to hormones, compared with those with no history of

exposure. For minor malformations, the risk was about 33%.

It is impossible to fully evaluate the safety of therapeutic hormones from
the data gathered in this project, as no account is taken of the underlying
conditions for which the hormones were given and the relationship between
those conditions and the risk of congenital abnormalities.

Significance to Biomedical Research and Program of the Institute : Congenital
defects resulting from failure of oral contraceptives or other exposure to sex
steroids during pregnancy, or from pregnancies occurring immediately after
oral contraceptive use, may constitute a significant public health problem.
This project will help define and measure the magnitude of this problem.

Proposed Course : The data summarized under major findings represent retrieval
of information on 11,000 women interviewed prior to onset of this contract.
The next phase of this investigation involves interview of 14,000 women
giving birth during the first two years of the study. These women will be
inter'.'lewed within 1-2 days of giving birth. Ascertainment of pregnancy out-
come among these women will include the incidence of fetal and neonatal deaths

,

complications of pregnancy, methods of delivery, health status of offspring.
To date data have been recorded on 4,500 of the 14,000 births to be evaluated
in this phase of the study.
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Contract Title: A Five Year Prospective Study of Abnormal Cervical
Cytology

Contractor: Temple University, Institute for Survev Research
Philadelphia (NICHD-CEB-71-2299)

Money Allocated: No FY 1975 funds

Objectives : This was to be a five year prospective study of some thirty
thousand women of the effects of oral contraceptive steroids on cervical
pathology. Because of the considerable cost involved in this project, and
difficulties in obtaining comparable information from the 12 participating
institutions, the decision was made in the fall of 1973 to phase out this

study. At that time some 27,000 had been enrolled and information regarding
their contraceptive history and the prevalence of cervical pathology ob-
tained at the time of enrollment. With this decision the objectives of the
current activity are the analysis of the data to evaluate the effects of
oral contraceptive steroids on the prevalence of cervical cytology in the

27,000 women enrolled.

Significance to Biochemical Research and Program of the Institute : Concern
about a possible carcinogenic effect of oral contraceptive steroids on the
uterine cervix requires careful exploration of this issue. The project
provided observations on at least four ethnic groups from different parts
of the country.

yiajor Findings : The analysis of the data shows a slight increase in the
prevalence of moderate to severe dysplasia among oral contraceptive users
after about five years of exposure. This effect is not consistent among the
different ethnic groups and is due primarily to an increase in the Mexican-
American population included in this project. Also, there are differences
by hospital. The hospital effect, of course, could come about because of
possible differences in the degree of surveillance by pap smear of the women
under study before which could effect the prevalence of cervical pathology.

Proposed Course : This study has terminated. We are still involved in dis-
cussions x^^ith the jirincipal investigator regarding the significance of the
observations and the use of possibly other statistical techniques to if
at all possible, separate the effects of confounding variables.
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Contract Title: Contraceptive Drug Study-

Contractor: Kaiser Foundation Research Institute, Walnut Creek,

California
Money Allocated: $766,401 (FY 1974 funds), $784,435 (FY 1975 funds)

Objectives ; This study is to identify the side effects of oral contraceptives

through comparison of the health status of women who use the oral contracep-

tives with those using other methods of contraception. "More specifically,

this project is to measure the increase, if any, in risks to OC users of

th.e development of long-term adverse effects like cardiovascular disease,
diabetes and cancer, and to identify currently unsuspected serious side effects.

Significance to Biomedical Research and Program of the Institute : This is the

only major prospective study about the possible adverse effects of oral con-

traceptives in the United States. It has particular strength because of the

large population under surveillance and its broad scope which include phy-
siological, biochemical and clinical parameters and their interrelationship.
It is central to the program of the Center for Population Research since it

monitors the medical effects of oral contraceptives.

Maj or Findings : The preliminary findings from this project are now to be
summarized in three Monographs. Voltime I entitled "The Walnut Creek Con-
traceptive Study" has just been published by GPO. A number of effects have
been noted of risk factors known to be related to cardiovascular disease.
Among these are increases in risk of hypertension, in serum triglvceride
levels, in serum cholesterol levels in women under 40, in the coagulability
of the blood and a reduction in glucose tolerance.

Analysis of as yet unpublished data revealed a small but significant decrease
in the gamma globulin level of oral contraceptive users and an even more
significant and substantial reduction in gamma globulin levels among smoking
women. In view of the findings of a possible increased risk of viral and
other infections in women using oral contraceptives, this apparent effect on
gamma globulin levels needs to be explored further.

Proposed Course : Women under surveillance are brought in for comprehensive
evaluation once every three years. Intercurrent medical and contraceptive
histories are updated on an annual basis. Morbidity information from visits
to the out-patient or the in-patient services of the Kaiser Permanente Hos-
pital are used to identify health effects of oral contraceptives. Extensive
efforts are underway to re-establish contact with women who have left the
Kaiser Health Plan during the last few years to enhance the follow-up rate
and decrease the bias through sample loss. For the current year of support,
the data analysis is focusing on the relation of oral contraceptive use to
carcinoma in situ of the cervix, to diabetes, to gall bladder disease, and
to hypertension.
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Contract Title: Methods of Contraception, Pregnancy Tests, and Congenital
Malformations: An Epidemiological Study

Contractor: Yale University School of Medicine, NICHD-CEB-75-2800

Money Allocated: $110,965 (FY 1975 funds)

Objectives : The objectives of this project are to determine the effects of

oral contraceptives, other methods of contraception, and normal pregnancy

tests on the risk of congenital malformations.

Major Findings : None - the project has just become operational.

Significance to Biomedical Research and Program of the Institute : Congenital

defects resulting from contraceptive failure or related phenomena may con-

stitute a significant public health problem. This project will help to define

and quantify this problem.

Proposed Course : A case-control study shall be performed. All infants born

with congenital defects in five large Connecticut hospitals shall be identified

and matched to controls obtained by random sampling of normal births in a 1:3

ratio. Information regarding contraceptive exposure shall be obtained by

questionnaire and check with physicians.
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Contract Title: Effects of Contraceptive Agents, Related Methods and
Procedures and Frequency of Birth Defects

Contractor: University of Colorado Medical Center NICHD-CEB-74-2845

Money Allocated: $89, 734 (FY 1975 Funds)

Objectives : The objectives of this project are to determine whether hormonal

contraceptives and other contraceptive measures increase the risk of fetal

loss, congenital malformations, and chromosomal aberrations.

Maj or Tindings :

1. Cohort Study
A, Retrospective Segment

Approximately 5800 obstetrical charts have been reviewed.

80 offspring of mothers with contraceptive exposure are

being examined. Approximately 5700 charts reveal no evi-

dence of hormone exposure. The number of charts containing
evidence of contraceptive exposure is lower than predicted

by the prospective component of this study (80 vs. 580

expected) . This presumably reflects the inadequacy of chart

documentation of contraceptive exposure.
B. Prospective Segment

Approximately 520 women attending the obstetric clinic have

been interviewed regarding exposure to contraceptives during

and prior to pregnancy. Exposed mothers will be matched with

unexposed mothers; the offspring will be examined.

2. Case-Control Studies
No data is yet available

Significance to Biomedical Research and Program of the Institute : Congential

defects resulting from contraceptive failure or related phenomena may represent

a significant public health problem. This project will help define and

quantify this problem.

Proposed Course :

1. The cohort studies will continue. The retrospectively ascertained

women with known exposure to contraceptives during or prior to

pregnancy will have to be matched to prospectively obtained controls

to insure that the controls were not exposed.

2. The case-control studies are being initiated. These comprise

matched cases and controls for 500 infants with malformfitions of

the heart, 150-200 infants with chromosomal aberrations and

500 infants with other malformations

.
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Contract Title: Effects of Oral Contraceptive Steroids on Blood Pressure

Contractor: Harvard Medical School

Money Allocated: To be negotiated - approximately $140,000 (for first year)

Objectives ; These are to determine the prevalence and incidence of oral contra-

ceptive-induced hypertension in a selected population and appropriate subgroups.
!

It is anticipated to define high risk subgroups with regard to demographic, '

ethnic and biologic parameters. Investigative information is to be obtained
to help delineate the pathophysiologic mechanisms by which oral contraceptives
induce blood pressure elevation.

Major Findings : None - The project has not yet become operational '

Significance to Biomedical Research and the Program of the Insti tute : Oral
contraceptive steroids cause minor elevation of systolic and diastolic blood
pressure in the majority of all contraceptive users. This is reflected in a

shift between the portions of the population and the corresponding measurements
of blood pressure. The maximal portion of OC-users has diastolic and systolic
pressures, 3-6mm mercury higher than the corresponding portion of "non- users."
Apart from this slight elevation, within the limits of physiologic variation,
a smaller portion of OC-users develop mild, moderate or even severe hypertension.
Consequently, we do know that contraceptive-steroid induced hypertension, rep-
resent, a major public health problem. We do not know its precise epidemiologic
parameters, such as the dependent variables of incidence and prevalence; nor
the functional contribution of all co- variables , such as race, medical, exper-
iential and biologic characteristics. The natural history, consequences and
factors determining reversibility and irreversibility are not known.

Proposed Coarse ; The population base consists of 5500 women of childbearing age
x>7ho have been screened Ln their homes 2 years previously as part of another
program (HDFP, NHLI) for blood pressure, oral contraceptive use and demographic
characteristics. Modified versions of the past community survey, which provides
an established population and data base, are to be repeated three times. This
follow up screening is to assure three separate evaluations of blood pressure
at 2 year intervals (1973-74, 1975-76, 1977-78) for all women who used oral
contraceptives on either of the first two screens and to monitor the change in
their blood pressure with time as compared to both hypertensive and normotensive
controls not on oral contraceptives.

Comparisons are to be made between oral contraceptive users who develop
hypertension or substantial elevation of their blood pressures with O.C. users
who do not have elevations of their blood pressure in terms of the demographic
and physiologic parameters. Incidence of side effects of oral contraceptive use
over a 4 year period are to be assessed, and correlations between side effects
and blood pressure are to be examined.
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Contract Title: Effect of Contraceptive Steroids on Blood Pressure

Contractor: Evans County Health Department, Claxton, Georgia

Money Allocated: To be negotiated - approximately $180,000 (for the

first year)

Objectives : This is one of three projects in the program of the CEB con-

cerned with broad characterization of the effects of OC's on blood pressure.

It is aimed to achieve 3 major objectives: 1) Determination of the incidence

of oral-contraceptive induced hypertension and the magnitude of mean blood

pressure increase in a biracial southeastern Georgia population. 2) Identi-

fication of characteristics of pill-takers that may increase the risk of

pill-induced blood pressure elevation - a. with a view to developing inclusion
and exclusion criteria for patient selection, and b. possible contribution
toward some understanding of pathophysiologic mechanisms. 3) Investigation
of reversibility of steroid-induced hypertension or blood pressure elevation
following cessation of the pill.

Major Findings : None - the project has not yet become operational.

Significance to Biomedical Research and Program of Institute : The project
promises to provide answers for quantitation incidence of hypertension due to

OC's in both white and black populations residing in the "mysterious" hy-
pertension stroke belt (South-east) . The familial studies might be one of

the most important methods to define risk.

Proposed Course : Enroll 1000 new pill-takers (700 whites and 300 blacks) who
are using steroid contraception for the first time. They are to be recruited
from Family Planning Clinics in southeastern Georgia. All are localized within
the hypertension stroke belt. 1) Enroll 1200 lUD users to serve as controls
from the same counties, matched by age and race. 2) Conduct home visits to

each of the 1000 pill-takers and the 1200 age-race-matched controls at three
month intervals throughout the study period of three years. 3) Obtain informa-
tion regarding age, parity, duration of continuous pill usage and previous
hypertension and toxemia of pregnancy during the home visits. 4) Measure
blood pressure, weight and height. 5) Collect and properly store urine and
blood samples . These are to be returned to the central laboratory for pro-
cessing and freezing. Tests to be performed on these samples will be decided
later depending upon forthcoming information. Consultants of the Contracep-
tive Evaluation Branch will assist in arriving at these decisions. 6) Conduct
home visits to the nearest female siblings of all pill-takers and matched
controls and measure their blood pressure and weight. 7) Calculate the incidence
of pill-induced elevation of blood pressure by life-table analysis, in terms
of women-years of exposure to steroids. 8) Compare black-white differences
in mean blood pressures and in indidence rates of hypertension (diastolic
pressure equal to or greater than 90 mm Hg) in pill-takers and non-pill-takers.
9) Assess risk factors which increase the probability of elevated blood pressure
in pill-takers by using a multiple logistic model.
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Contract Title: Effects of Contraceptive Steroids on Blood Pressure
Contractor: Emory University, Atlanta, Georgia
Money Allocated: To be negotiated - approximately $270,000 for the first

year

Objectives : This is one of 3 projects in the program of the CEB, concerned

with the broad characterization of effects and consequences of OC's on

blood pressure. The specific feature and emphasis of this project is the

development of rational and specific antihypertensive regiments for oral
contraceptive users with elevated blood pressure.

Major Findings : None - the project has not yet become operational.

Significance to Biomedical Research and the Program of the Institute : The

project addresses itself to practical problems of clinical management of

hypertension detected in users of oral contraceptives. It is mandatory to

have information as to the clinical course, profile and reversibility of

this type of hypertension in comparison to essential hypertension. Based
on this information, indications and regimens for specific antihypertensive
therapy need to be developed. This proposal is the only major effort in our

program to accomplish this task. It will be of importance to know whether
identical or different antihypertensive drug regimens are indicated for hy-
pertension in users and non-users of oral contraceptives.

Proposed Course : 1. Supervise an ongoing screening program for hypertension
in 13,758 women attending clinics of Atlanta Area Family Planning Programs.
2) Enroll 200 oral contraceptive users and 200 non-user control patients with
hypertension for follow-up in this project. 3) The hypertensive cohort with
diastolic blood pressure between 90-109 mm Hg shall be divided by random
assignment into four therapeutic groups for a period of 6 months. The sequence
of therapeutic measures varies according to a rigorous schedule specified in

the protocol. 4) Antihypertensive therapy shall be instituted and continued
on all patients whose blood pressure did not reverse to normal during the

first six months of observation. 5) The antihypertensive drug regimen is to

consist of four treatment levels with increasing doses of thiazides (4mg/day
and 8mg/day) followed by the addition of alpha methyldopa (250mg bid and
500mg bid). Hydralazine may be substituted for Aldomet if necessary.
Further details and time schedule of the therapeutic Decision Tree as out-
lined on page 12-14 of the proposal are to be followed.
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Contract Title: Endogenous and Exogenous Sex Steroids and Nutritional
Status

Contractor: The University of Texas Medical Branch, NICHD-72-2728
Money Allocated: $ll6,600 (FY 197H funds)

Objectives : This is one of three ongoing projects in the program of the CEB

concerned with the broad characterization of the effects of OC's on the
metabolism requirements and status of micronutrients. The research program
is designed to utilize cross-sectional and longitudinal approaches to

elucidate the interrelationships between exogenous female sex hormones and

a variety of nutritional-metabolic parameters. The investigative work has

been aimed towards three circumscribed and specific objectives, l) A base-

line of the normal variations on nutritional status occurring during the

menstrual and contraceptive treatment cycle will be established. 2) The

effects of oral contraceptives on nutritional status of contraceptive users

will be assessed in a cross-sectional comprehensive nutrition survey. 3)

The time dependence of oral contraceptive-induced changes in nutritional

status will be characterized.

Major Findings : The accumulated data and findings collected during the last

3 years are presently subject to a comprehensive analysis. They are to be

published in form of a monograph. In order to illustrate the wealth of

accumulated information, only a few results are mentioned. OCA use did not

appear to alter hemoglobin, hematocrit, total serum proteins, serum al-

bumin or urinary excretion of thiamin or riboflavin. Changes were noted in

the a and 3 globulins in serijm. Serum levels of copper, cholesterol and

triglycerides were higher in OCA users. Serum vitamin C levels fell during

the menstrual cycle which emphasized care as to the time blood samples are

obtained. The baseline study of normal variation on nutritional status occur-

ring during the menstrual and contraceptive treatment cycle has been completed

and yielded some significant variation. Variation of nutritional status and

parameters as function of normal menstrual or contraceptive cycle-time had

never been suspected.

Significance to Biomedical Research and the Program of the Institute: The in-

vestigative work carried out in this project should provide information on

possible nutritional consequences and interrelation of contraceptive

therapy. The research program is similar in content to two other projects

(72-6-013) Prasad and 72-6-019-Smith) and is highly relevant to the objectives

of the Institute.

Proposed Course : The cross-sectional part of the study has been completed.

The longitudinal aspect will be finished by December 1975- Tha data obtained

is now undergoing systematic analysis and will be published as a monograph

together with the data from the other two parallel surveys

.
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Contract Title: The Interaction of B Vitamins with Contraceptive Steroids
in Female Rats

Contractor: School of Pharmacy, University of Georgia (NICHD-72-2731 )

Money Allocated: $35,172 (FY 197^+ funds)

1

{

(

Objectives : The purpose of this project was to investigate the rat the effects
of vitamin B complex deficiencies and hypervitaminosis states on the metabolic

i

hydroxylation of selected steroids, and the effects of contraceptive steroids I

on the function and disposition of thiamin, riboflavin and pyridoxine. Several
of the B complex vitamins are constituents of liver enzyme systems involved

)

in the metabolic disposition of steroids.
I

Major Findings : Alterations in the level of thiamin, riboflavin and pyridoxine
in the diets of female Sprague Dawley rats induce changes in the enzymes of

,

hepatocytes associated with the metabolism of the contraceptive steroids,
\

mestranol and norethindrone. When comparing the effects of experimental diet
to normal values derived from rats fed laboratory chow it is evident that ':

thiamin but not riboflavin or pyridoxine deficiencies enhance enzymatic deme-
]

thylation of mestranol. Increasing thiamin levels in the diet from to
|

2 ug/mg food caused progressive depression of the rate of mestranol metabolism.

{

Pair-feeding experiments clearly demonstrated that this inhibition of mestranolj
degradation was due to the thiamin. The mechanism by which thiamin depresses
the metabolic deg^-adation of mestranol is being investigated. It is apparent
that at this point that l) the enzyme cytochrome c reductase is inhibited,
2) the binding affinity for substrate to the terminal oxygenase (cytochrome
P-U50) is altered, 3) there is an alteration in fatty acid composition of
the hepatic endoplasmic reticulum and, h) there are qualitative alterations
in the cytochrome F-k'yO . Norethindrone is both reduced (#3 position) and hy-
droxylated by hepatic microsomal enzymes. Neither thiamin nor riboflavin
deficiency or hypervitaminosis states alter the kinetics of norethindrone
hydroxylation, however thisjnin deficiency and food restriction significantly
depresses the reduction of norethindrone.

Significance to Biomedical Research and the Program of the Institute: Dietary
effects which result in altered mestranol and norethindrone metabolism may
affect the reaction of these drugs on the uterus and other target organs . It
has been demonstrated, for example, that induction of these hepatic enzymes
decreased the uterotropic activity of mestranol due to its increased metabolic
degradation. If other target organs are likewise affected by impaired avail-
ability of oral contraceptive steroids, dietary alterations may play a role
in the ultimate effectiveness of oral contraceptive therapy.

Proposed Course :

This project will terminate on June 30, 1975 and efforts are devoted to the
development of a comprehensive transcript and final report of the findings.

<

i
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Contract and Collaborative Research

Contract Title: Evaluation of Effects of Oral Contraceptives on Vitamin Bg

Nutrition (NICHD-72-2782

)

Contractor: University of Wisconsin Medical School, Madison
Money Allocated: To be negotiated - approximately $80,000 (FY 1975)

Objectives : (l) Characterize the functional relationships between altered
requirements and/or utilization of pyridoxine , abnormal tryptophan, glucose
and triglyceride metabolism in oral contraceptive users. (2) Perform pilot
studies to assess whether or not these metabolic changes are associated with
clinical correlates and/or present subclinical risk factors for the later

occurrence of metabolic diseases.

Major Findings : The applicant has been studying the metabolism of amino acids

in women with or without the use of oral contraceptives (OC). These studies

have established that oral contraceptives increased the metabolism of alanine
after an alanine load. The oral contraceptives enhanced the yield of pyruvate
both in fasting or following an alanine load. Serum triglycerides were elevat-
ed in OC users. The explanation appears to be that the estrogenic component
of the OC causes a shunting of the gluconeogenic precursor, pyruvate, away
from gluconeogenesis and into triglyceride synthesis . The effect of vitamin
B/- supplementation on the metabolism of alanine and glycine loads is under
study. Oral glucose tolerance tests are being performed on control and
OC users. Oral contraceptives have altered glucose utilization in part of the
subjects. Tryptophan administration did not appear to alter the glucose tol-
erance tests in either experimental group.

Significance to Biomedical Research and the Program of the Institue : Altered
tryptophan metabolism suggesting a defect in vitamin B^ utilization occur in
a large number of contraceptive users. The diabetogenic effects of these drugs
indicated by impaired glucose tolerance are a major public health concern
which together with the significantly elevated fasting triglyceride levels
are suggestive of long-term dangers-atherosclerosis and arteriosclerosis.

Proposed Course : 1. Completion of additional studies of alanine and glycine
metabolism both before and after pyridoxine supplementation - characterize
the effect of pharmacological doses of pyridoxine on yields of pyruvate
and triglycerides from oral amino acid loads! 2. Study the effects of sus-
tained dietary tryptophan supplementation without pyridoxine on oral glucose
tolerance! 3. Study effects of contraceptive drugs, tyrptophan and vitamin
B, deficiency on glucose metabolism.
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Contract and Collaborative Research

Contract Title: Effect of Oral Contraceptive Steroids on Calcium,
Phosphorus, Magnesium and Zinc Metabolism with Emphasis
on Bone Mineralization

Contractor: Veterans Administration Hospital, (NICHD-72-2783)

Money Allocated: $39,276 (FY 1974 funds)

Objectives : This proposal was designed to study the effect of steroidal con- 1

traceptive agents on mineral metabolism. The influence of a progestin, an I

estrogen, and a combination of these hormones on calcium, phosphorus, magnes- I

ium and zinc metabolism was to be investigated . Particular attention was to be 1

focused on bone metabolism. All studies were to be performed in rats.

Major Findings : Major efforts were necessary to overcome technical and opera- I

tional problems. The investigative component of the project had been delayed
for nearly one year, Subsequently it entered into an orderly and systematic
productive phase. The major findings are still preliminary since the final
statistical analysis has only been performed partially and has not yet been
completed. These partial and preliminary analyses, however indicate: 1. Plasma
zinc was decreased as a result of the estrogen therapy for animals receiving
optimal dietary calcixim. 2. Zinc concentration of the bone (ash) was de-

|

pressed as a result of the endogenous estrogen. 3, Histological examinations
of the bones has raised the question as to whether there is higher dietary

|

zinc requirement for optimal bone formation than for optimal growth. Specifi-
|

cally, although 22 ppm dietary zinc supported optimal growth, the histological
j

examination of the bones revealed that they were abnormal. 4. Plasma vitamin I

A was significantly increased by the estrogen treatment. However, perhaps morej

importantly liver stores of vitamin A were decreased due to estrogen treatment.'
These results could have direct clinical application to individuals on the pilli

who have marginal liver vitamin A stores.
j

Significance to Biomedical Research and Program of the Institute : All of the

performed and proposed investigations appear pertinent to the program objec-
|

tives of providing relevant basic informations on risks or safety of oral '

contraceptives in regard to bone mineralization. However, all studies are
j

descriptive in nature and are providing little mechanistic information. !,

These general studies are, however, of importance as an overview of possible
interactions and alterations in mineral nutrition.

Proposed Course : During the remaining period of support the major items yet
to be completed are x-ray diffraction and density studies of the bones. Pre-
liminary findings from x-ray diffraction studies indicate differences which
do not appear to be significant.
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Contract and Collaborative Research

Contract Title: Effect of Oral Contraceptives on Nutritional Status

Contractor: St. Louis- University, (NlCHD-72-2784)

Money Allocated: $64,780 (FY 1974 funds)

General Objectives : It has been postulated that increasing the level of estro-

gen stimulates the production of corticosteroid which is responsible for the

increase in the proteins that transport the lipids and other nutrients. A

similar mechanism is considered to be responsible for the changes obtained

in tryptophan metabolism. An objective of this research was to determine

whether the alterations in tryptophan metabolism can be correlated with the

increases in blood lipids. Concurrently, evaluations of blood vitamins E and

A, copper and ceruloplasmin are being made. These latter compounds may also

increase in plasma concentrations as a consequence of increased protein

carrier production. Seriim ascorbic acid has been determined because of reports

that ascorbic acid blood levels are decreased after estrogen administration.

Specific Objectives for Present Contract Period Were To : 1) Characterize rela-

tionships and association between various indices of abnormal nutritional

status in oral contraceptive users and to 2) Characterize the abnormality in

phospholipid content and composition induced by oral contraceptive steroids.

Hajor Findings : The first "two years" of the project research plan were

essentially completed in November 1974. Results have been published in the

April edition of the American Journal of Clinical Nutrition . Since November
tha P.I, has been trying to reproduce the method for quantititative determin-

ation of phosphatidyl glycerol as reported by B.D. Polls in the Proc. Soc .

Exptl. Biol. Med . 145, 70, 1974. Isolation of the compound was satisfactory

bxit it was impossible to achieve the 5% degree of accuracy necessary in order

to quantitize the relatively small changes. During the past few months many

chromatographic procedures were tried with little success until last week

when finally decisive results were achieved.

Significance to Biomedical Research and the Program of the Institute : The

identification of a specific effect of oral contraceptives on a very specific,

unusual phospholipid, if it could be demonstrated, could possibly provide new

leads.
""

Proposed Course : Completion of the ongoing analyses of phosphatidvl glycerol

are to be carried out on OC users and controls.
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Contract and Collaborative Research

Contract Title: Interaction of Contraceptive Steroids with Vitamin E

and Polyunsaturated Fatty Acids j

Contractor: School of Public Health, University of California

(NICHD-72-2785)

Money Allocated: $35,172 (FY 197^+ funds) «

Objectives : Investigate and determine the effects and interactions of oral con-

traceptives on vitamin E and essential fatty acid deficiency in human subjects,

animals and offspring. It has been observed that in the rat the effects of

administering oral contraceptive compounds resemble those resulting from

vitamin E deficiency. These include interference with reproduction, changes
j

in lipoprotein distribution, and a decrease in polyunsaturated fatty acids

in various tissues. The possibility exists that these anovulatory drugs

enhance the requirement for vitamin E. Therefore, this investigation is '•

designed to study the possible interrelationships between oral contraceptives

and vitamin E. It is possible that oral contraceptive treatment results in

situations where increased vitamin E and possibly increased polyunsaturated
fatty acids are required for some essential physiological processes.

Major Findings : Rats were fed Enovid-E in conjunction with controlled intakes
of vitamin E. The OCA appeared to lower plasma vitamin E levels and liver

|

vitamin A levels. The plasma of a/3 liproprotein ratio changed with OCA 1

administration (I.63 vs l.UU with OCA). The change appeared to be due an
j

increase in ser-om - lipoproteins. Similar but not identical effects occurred
in human contraceptive users. These studies have now been largely completed,

|

but not yet analyzed.
!

Significance to Biomedical Research and Program of the Institute : The project
addresses itself to the problem whether oral contraceptives affect the vitamin I

E status of young women. This is relevant to the objectives of this program.
|

Proposed Course : This project will be terminated at June 30, 1975- Analysis
of the data will require continous effort by the investigator with a final
report during FY 76.
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Contract Title: Interaction of Contraceptive Steroids with Essential
Nutrients

Contractor: Wayne State University School of Medicine, (NICHD-72-2786)

Money Allocated: $109,100 (FY 1974)

Objectives : This is one of three ongoing projects concerned with the broad

characterization of the effects of OC's on the -metabolism, requirements and

status of micronutrients. The purpose of this study is to characterize nutri-

tional profiles of selected and well-defined sub-populations of the Detroit

area belonging to different socio-economic levels and users. of oral contra-

ceptives .

Major Findings : Nc effect of OCA was seen on hemoglobin, hematocrit and erythro-

cyte count. Serum iron was increased due to "Norinyl." Total iron binding

capacity (TIBC) was increased as a result of OCA administration. Plasma copper

was increased and plasma zinc was decreased as a result of OCA administration.

An Increase in erythrocyte zinc was observed due to "Norinyl." No effect of

OCA on plasma calcium, magnesium and erythrocyte magnesium was observed.

Although no effect of OCA on plasma total protein was found, serum albumin
was decreased.

Increased plasma vitamin A and decreased carotene levels were observed in OCA

users. In general OCA had little or no effect on plasma ascorbic acid. Eryth-

rocyte folate and plasma pyridoxal phosphate (PLP) were decreased in the

higher socioeconomic group on OCA than their controls.

Significance to Biomedical Research and the Program of the Institute : The

investigative work carried out in this oroject should provide information on

possible nutritional consequences and interrelations of contraceptive therapy.

Proposed Course : The operational tasks are completed. Within the next two

months the analyses should be completed. Preparation of final reports and

manuscripts are progressing satisfactorily. The data will be published as

a monograph.
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Contract Title: Biochemical Mechanisms of Contraceptive Steroid-Induced
Abnormalities in Absorption, Metabolism and Function of

Vitamin K (NICHD-72-2787)
^

Contractor: University of Nebraska College of Medicine ^

Money Allocated: $45,000 (FY 1974 funds)

Objectives : The purpose of this project is to elucidate the mechanism of

estrogen-induced changes in the requirement for vitamin K-dependent clotting

proteins, and the decrease in sensitivity to oral anticoagulants. Specific

objectives are to: (1) Determine the effect of estrogen and androgen on the

quantitative response to deficient rats to vitamin K, (2) Characterize the

effect of estrogen on oral anticoagulation in the rat, and (3) Ascertain
the localization of vitamin K and the activity of vitamin K metabolizing
enzyines in the liver of estrogen-treated animals, (4) Establish whether or not

there is a causal relationship between the interactions of estrogenic contra-

ceptives and the increased frequency of thromboembolism in "OC-users."

Major Findings : In both rats and man, pregnancy results in levels of prothrom-
bin higher than observed in normal females. In the rat, prothrombin levels

are higher in the female than in the male and the dietary requirement of

vitamin K in the female is less. Higher levels of plasma prothrombin in the

female are not due to decreased turnover of the protein. Estradiol does not

have the activity of vitamin K or otherwise directly stimulate the formation

of prothrombin. The effect of estradiol on vitamin K deficiency in male rats

occurs slowly over a period of several days. The decreased requirement for

vitamin K and the increased circulating levels of prothrombin in female or estro

gen-treated rats may be due to separate effects of the hormone.

Significance to Biomedical Research and the Program of the Institute : The most
well documented serious non-contraceptive effects of the anovulatory steroids
is the higher incidence of thromboembolic disease, resulting from such treat-
ment. Vitamin K has been implicated in this syndrome more than any other
nutrient. In general, there appears to be a positive interaction between
vitamin K and the steroids which may be the result of "K"-like activity from

the steroid or the steroid increasing the efficiency of K utilization.

Proposed Course : Unfortunately this most highly meritorious project and pro-
posal which promises insights into cause and prevention of OC induced
thrombosis did not initially have a direct oral contraceptive steroid research

|

component. Both the P.I. and the project officer have made efforts and
developed tentative plans for the transformation of this important, but
largely basic science project into a clinical-epidemiologic study. It could

and should establish correlations and causal association betwean OC-induced
changes in vitamin K metabolism,prothrombin time and frequency of thromboem-
bolism, in contraceptive estrogen users. So far a completely satisfactory
solution of interactions or combination of these factors underlying thromboem-
bolism in OC users has not yet been, but is in progress to be developed and i

established.
244



NICHD ANNUAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Evaluation Branch

Contract and Collaborative Research

Contract Title: Relationship of Contraceptive Steroids to Nutritive State
Contractor: School of Public Health, Tulane University (NICHD-72-2788)
Money Allocated: $100,200 (FY 197^)

Objectives : This is one of three ongoing projects in the program of the CEB
concerned with the broad characterization of the effects of OC's on the metab-
olism, requirements and status of micronutrients . The specific objectives
of this project were to examine the nutritional status of 50 new and 100 long-
time users of oral contraceptives who were potentially a high risk nutritional-
ly. Results are to be compared with two appropriately matched control groups
who used other methods of contraception.

Major Findings : Total serum lipids during fasting were greater by 70 mg/dl
in OCA users than in non-OCA users. This 13^ difference may represent a po-
tential risk of developing cardiovascular disease as has been suggested in

other studies. There were 10% more women in the OCA group that had total
serum lipids greater than 700 md/dl; two women had lipid levels greater than
1000 mg/dl. Similar changes were seen in triglyceride concentrations. Women
in the OCA group had significantly higher triglyceride levels than women in

the non-OCA group. No difference in cholesterol levels was found in this study
between OCA and non-OCA groups possibly because of the use of different OCA's.

There is slightly lower level of total protein in the OCA group as compared
to the non-OCA group and a small decrease in albumin levels, approximately
equivalent to the decrease in total serum proteins and a change in the alpha
1 protein fraction.

Significance to Biomedical Research and the Program of the Institute : This
project contributed important results of high relevance to the nutritional
status of 00 users.

Proposed Course :Final completion and coordination of all results and analyses.

Preparation of final reports, manuscripts and publications.
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Contract and Collaborative Research

Contract Title: Interactions of Contraceptive Steroids with Metabolic
Functions of Vitamin B,

Contractor: University of Pennsylvania School of Medicine, NICHD-72-2789

Money Allocated: $106,500 (FY 1974 funds)

Objectives : The purpose of the proposed study is to perform a statistically

valid analysis of clinical and chemical disturbances of Bg metabolism in women
on oral contraceptive pills and in pregnant women. This should lead to the

establishment of necessity of Bg supplementation in the above two conditions
and to the desirable dose level of supplementary pyridoxine. Accompanying
clinical conditions, like depression, adema, rheumatoid manifestations, will
receive special attention.

I
>Taior Findings : A sensitive procedure (tyrosine decurboxylase assay) has been
developed for measuring serum pyridoxal phosphate levels. Data thus far ob-
tained sh.ow that plasma pyridoxal phosphate levels are reduced with OCA use
and that this effect may be reversed with pyridoxine supplementation. Ery-

j

throcyte glutamic GOT values correlated significantly with plasma pyridoxal
|

phosphate levels. The studies are continuing to provide information on more
OCA "users and on possible long-term OCA effects. Dr. Gyorgy has also analyzed!
serum pyridoxal phosphate levels and erythrocyte GOT activities in samples of ^

OCA users and non-users obtained from the study of Dr. Prasad. Depression i

in erythrocyte GOT activities were also observed in OCA users. The extensive '

long-term search to identify significant and clinical meaningful correlates wit
in the portion of OC users with apparently abnormal low pyridoxal phosphate !

levels has been uneventful.
1

Significance to Biomedical Research and the Program of the Institute : In all
|

published studies on abnormalities of vitamin B^ status resulting from use of
\

contraceptive steroids and pregnancy, primary or exclusive reliance was placed i

on the tryptophan load test or the determination of blood transaminases. This

j

was due to lack of precise, reliable and reproducible analytical procedures
for estimating pyridoxal phosphate (PLP) directly. Such a procedure compris-
ing a reliable methodology, has been developed and applied within the context
of large epidemiologic surveillance of OC user.

I

Proposed Course : This project will expire on June 29, 1975. The remaining I

time will be devoted to final analyses and preparation of reports and manu-
J

scripts. I

<
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Contract Title: The Effects of Contraceptive Steroids on Trace Elements

Contractor: University of. California at Berkeley (NICHD-72-2790)

Money Allocated: $71,600 (FY 1974 funds)

Objectives : Definitive information pertaining to the effect of oral contra-

ceptive steroids on trace elements is missing. The objectives of the project

are to investigate the effects of contraceptive drugs on trace elements, bal-

ance of iron, copper and zinc in women kept on controlled diets in a metabolic

ward.

Major Findings : Because of lack of sensitive methodology for trace mineral

balance studies, the PI had to invest much of this time in the development

of such accurate methodology. Therefore a large portion of the collected

specimen still need to be analyzed. Certain related findings are available.

They reveal transferrin, TIBC and ceruloplasmin to be higher during OC

treatment than during "off" cycles.

Significance to Biomedical Research and Program of the Institute : Iron, copper,

and zinc are known to be essential. For two of them (iron and zinc) we know

that nutritional problems of suboptimal intake exist in some population groups,

and all three are known to be influenced by contraceptive metabolic changes.

The study is expected to furnish much needed information on the minimum daily

requirement for these trace elements under normal conditions and with contra-

ceptive medication.

Proposed Future Course : The principle investigator is in the process, after

development of sensitive methodology to analyse approximately 4,000 samples

remaining from the metabolic studies. This should provide the answers about

the metabolic effect of contraceptive steroids on mineral trace elements

CFe, Cu, Zn, etc.) in humans.
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Contraceptive Evaluation Branch

Contract Title: Level of Risk of Female and Male Offspring of Mothers
Exposed to Ingestion of Diethylstilbesterol during
Pregnancy .

Contractor: University of Chicago, NICHD-CEB-74-2850 f

Money Allocated: $257,400 for 39 months: June 1, 1974 through August 31, 1977

Objectives : 1. Demonstrate the levels and kinds of risk in female and male

offspring of mothers exposed to ingestion of DES during pregnancy. 2. Establish

whether or not a significant correlation between the maternal ingestion of DES
i

during pregnancy and the subsequent development of malformations or carcino-

mas in the female and male offspring born of these pregnancies exists. Further,

to determine the possible presence of neoplasms in all gonadal ridge derivative^

especially the secondary organs.
I

Major Findings : Implementation of this cohort analysis required a series of

preliminary, operational procedures. It was first necessary to identify
j

and find the cohort of 1600 mothers admitted to the "Chicago Lying-in"
hospital more than 20 years ago. Subsequently their male and female off-

|

spring are being identified, localized and subjected to careful medical
\

examinations. Subsequently a special DES-Clinic was established during
g

October 1974. Approximately 150 female offspring have been examined. Accord-"
ing to the verv early findings presently available, 30% of female offspring
manifest cervical ridges and 80% reveal vaginal adenosis. There is no medical
knowledge in existence to allow prognosis; whether or not these presently
benign lesions might progress towards adenocarcinoma within the vagina. So

far no cases of vaginal clear cell carcinoma have been found.

Significance to Biomedical Research and Program of the Institute : Initially

the cardinogenic or teratologic dangers for the offspring of DES-treated
mothers were recognized by finding isolated cases of vaginal clear cell
carcinoma. The incidence of this occurrence is apparently very small,
perhaps in the order of 1 per 1000. The possible progression of the very
frequent benign lesions in vagina and cervix towards malignancy present dis-
turbingly frequent and grave dangers.

Proposed Course : On all male and female offspring of 800 mothers treated with
DES during pregnancy provide and analyze the following data: age at menarche,
regularity of periods at time of menarche and for ensuing few vears, length I
of cycle, volume and length of menstrual flow, hormone treatment to 'regulate
cycle, age at first pregnancy, difficulties in becoming pregnant or maintain-
ing pregnancy, contraceptive pills taken, kind, how long and symptoms from
usage, breast secretion during time between menarche and first pregnancy
number of pregnancies.

The same examinations will be performed on the offspring of randomly assigned ^control mothers who were matched in regard to the treated ones, but themselves!
received no DES treatment.
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Contract Title: The Effects of Oral Contraceptive Steroid Hormones on
Folic Acid Metaholism

Contractor: University of Alabama School of Medicine (NICHD-7^-2862)
Money Allocated: To be negotiated - approximately $66,200 for th~ 1st year)

Objectives : l) Elucidate the conversion of formyl-folate to co-factors which
are necessary for the formation of purines and pyrimidines, required for
DNA synthesis. 2) Clarify the relationships between estrogen and progestogen
and their effects on folate metabolism 3) Determine the dose-response relation-
ship between contraceptive sex hormones, abnormal but characteristic features
of folate metabolism and the incidence of either megaloblastic bone marrow
preceeding anemia or megaloblastosis of the cervical epithelium. This

may or may not lead to reversible and or irreversible cervical dysplasia, which
in turn may or may not lead to premalignant and perhaps even malignant lesions

.

Major Findings : These are being published in two accepted manuscripts of

major importance. The work provides for the first time a rational concept
to explain the disturbances that have been described in folate metabolism
among women using OCA's. Also, these investigations represent the first

demonstration of a direct link between a steroid sex hormone (estrogen) and

a key enzyme involved in the regulation of folate metabolism (conjugase).

These studies have shown that: l) There are cyclic variations in the activity
of "conjugase" (pteroyl polyglutamyl hydrolase) in the uterus of the rat. 2)

There is a relative increase in the amount of "free" or short-chain folate,

and a decline in the polyglutamyl folate during the phase of maximum estrogenic
stimulation. 3) Conjugase activity declines markedly in the uterus of case-

trated animals, but can be restored by estrogen replacement.

Proposed Course : It will be necessary to gather additional data in humans

concerning the conversion of formyl-folates to related co-factors, many of

which play vital roles in the formation of purines and pyrimidines for DNA
synthesis. Additional effort is needed to clarify the relationships that

exist between estrogen and progestogen and their effects on folate metabolism.

Data must be collected during the next 2 or 3 years to determine if there is a

dose-relationship between these sex hormones and the incidence of either megal-
oblastic anemia, or megaloglastosis of the cervical epithelium.

Significance to Biomedical Research and the Program of the Institute : In view
of the known affects of OCA on folate levels this study may provide an under-

standing of the mechanism involved. The observed increase in megaloblastic

changes in the cervical epithelium of OCA users which is reversible upon

folate supplementation has added clinical significance to the understanding
of this mechanism.
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Contract Title:

Contractor:

Money Allocated:

Effect of Oral Contraceptive and Conjugated Estrogens on

Renin Activity and Aldosterone
Loma Linda University, Loma Linda, California
(NIH-NICHD-71-2283)
$28,077 (FY 1973 funds)

No funds were allocated during the final project period

Objectives : 1. Characterization of the biochemical effects and consequences of
j

administration of estrogenic and progestational agents on the renin-angiotensin-j

aldosterone system and total exchangeable sodium. 2. Definition and character-!

ization of the -mechanism by which estrogenic agents induce hypertension, '

3. Evaluation of efficacy of spironolacton to reduce ttie induced elevation of

blood pressure. 4. Search for a progestational agent that would mimic the
,

antimineralocorticoid effect of natural progesterone; one that could be used i

in combination with the estrogenic compound for contraceptive purposes. i!

Major Findings : Natural progesterone has antimineralocorticoid properties and '^

would counteract the sodium retention by estrogens, but it is suppressed by the

administration of the estrogens. All the synthetic progestational agents that

were tested act like a mineralocorticoid and cause a net increase in exchange-
able sodium. VThen such agents are combined with an estrogen (as in an OCP)

,

they only potentiate the sodium-retaining effect of the estrogens.

A hypothetical scheme for the pathogenesis of OC-induced blood pressure e

tion emerged and summarizes the conclusions reached.

Estrogen Administration

leva— I

Stimulate R-A-A System

incr renin substrate
incr renin activity
incr aldosterone formation

Renal Tubules

increased sodium
reabsorption

Chronic Mild to Moderate Sodium Retention

Susceptible individual
\

Hypertension

Significance to Biomedical Research and Program of the Instutute : The scientifj
and programmatic values of this project consisted of promising and realistic

^

hopes. These were based upon the expected clarification of pathophysiological
|

relationships between steroid metabolism, electrolyte balance and hypertension.!
Only to a very limited extent, have these realistic hopes and expectations
been transformed into findings and conclusions, of present clinical value.

Proposed Course : The project has terminated.
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Contract Title : An Epidemiologic Case-Control Study of Thromboembolism
Related to th.e Use of Oral Contraceptives

Contractor: Johns Hopkins University - School of Hygiene and Public
Health (NICHD-Tl-2296)

Money Allocated: No funds were required

Objectives : These were to define relative risks for thromboembolism due to

contraceptive estrogen. Refinement of varying previous estimates were
necessary, as well as the dose-response relationship. The final goal was
to characterize and estimate the interaction of other risk factors.

Major Findings : The population sample for the retrospective analyses consisted
of 104 idlopathic*cases and 357 non-idiopathic* cases of thromboembolism
(exclusive of cerebrovascular thrombosis). There were 1302 controls matched
according to the usual demographic characteristics, but not in regard to

predispositional factors and histories of thromboembolic disease.

The relative risk for idiopathic "case-users" was 7.2 times that for"non-user",
The relative risk for non-idiopathic cases has not been calculated and/or
presented. Instead the relative risk for the total series is 1.9, suggesting
a still very lower relative risk for the nonidlopathic disease. Success in
characterizing the dose-response relationship was very limited. The risk for
idiopathic women using formulations containing 100 micrograms or more of

estrogen wa5= 10.1. With formulations containing <100 micrograms of estrogens,
the relative risk was 4.7. The relative risks estimated for demographic
subgroups indicated some surprising results. Younger, never married and never
pregnant groups have particular higher relative risks than the subgroups with
opposite characteristics. The relative risk for idiopathic white OC users
was 10.5, for the corresponding blacks the relative risk was 4.6. These
represent the most striking and unexplained risk differentials.

Significance to Biomedical Research and Program of the Institute : From all our
research projects, the demonstration of dose-response relationship between
estrogen and thrombosis is the only one which has contributed towards
prevention of disease e.g.; reducing the incidence of thromboembolism.

Proposed Course : All operations have been completed.

*These terms as used by epidemiologists in their narratives of"contraceptive"
thromboembolism are confusing because they have been used incorrectly. In
context of this use or "misuse" the term idiopathic denotes cases, most
probably caused by contraceptive estrogens, since no other predisposing
conditions were identified.
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Contract Title: Effects of Contraceptives on Blood Coagulation

Contractor Washington University, St. Louis, Missouri, (NICHD-71-2302)

Money Allocated: $78,155 i

Objectives : Develop, perfect, apply and demonstrate the clinical and epidem-
iologic usefulness of a new methodology - "Fibrinogen Chromatography." Its

basic purpose is to characterize the transition and transition products which
occur, before, during and after intravascular coagulation and thrombosis.
The ultimate aim of the new methodology is to identify hypercoagulability in

those OC users at high risk for developing thrombosis. Further aims are to

identify and characterize subclinical thrombosis and its relationship to

clinical manifest thrombosis in OC users.

"Maj or Findings

:

Longitudinal and cross-sectional blood coagulation studies
have been carried out in subjects receiving oral contraceptive therapy and
in control unmedicated women. These studies have included use of plasma
fibrinogen chromatography, which, by assay for high molecular weight fibrinogen
complexes in plasma, detects or excludes the presence of small thrombi, even
when these are of the clinically-silent type. New contraceptive users
(o.c. users) (n=154) received either Ovulen^ (100 grams mestranol) or Demulen^
(50 micrograms ethinyl estradiol) and were followed serially for one year. i

During the cross-sectional study (193 women and 1350 samples) , serial examin-
ation was performed on those taking oral contraceptives for three months to

ten years. Overall, pathological plasma fibrinogen chromatographic findings,
indicative of thrombosis, were detected in 6% of the control examinations and
in 27% of samples from oral contraceptive users. These findings suggest that
oral contraceptive users developed mainly clinically-silent thrombotic lesions,
with four to fivefold greater frequency than the controls. Consequently, it

|

is Inferred that they are at four to fivefold greater risk of developing
\

clinically-overt disease.

Significance to Biomedical Research and Program of the Institute : The develop-
j

Tnent of a laboratory test capable to detect or predict intravascular coagula-
tion is urgently needed. It is of particular importance in contraceptive
management, since unexpected thromboembolism appears to be a major well-
documented side effect of contraceptive steroids.

Proposed Course : Completion of the current protocol is expected by December
1975. Depending on the findings, redirection of this project iray then be
2onsidered.

i
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Contract Title: A Collaborative Study of Oral Contraception and
Cerebrovascular Disease

Contractor: Duke University Medical Center, Durham, North Carolina
Money Allocated: $25,507 (FY 1973 Funds)
Contract Number: NICHD 69-2250

Objectives : The objectives of this contract were to determine whether the in-

cidence of stroke in young women is increased by use of oral contraceptives,
and if so to identify characteristics that are especially related.

Major Accomplishments and Findings : 1) The current use of oral contraceptives
was considerably increased in women with thrombotic strokes as compared with
their controls and somewhat increased in women with hemorrhagic strokes. The

relative risk of cerebral ischemia or thrombosis was estimated to be about nine
times greater for women who use oral contraceptives than for those who do not.

2) Oral contraceptive use alone, in absence of smoking, hypertension, or

migraine, significantly increases the risk of stroke, regardless of use or non-
use of these agents. Hypertension is a risk factor for development of either
thrombotic or hemorrhagic stroke. Regular cigarette smoking and a history of

symptoms indicative of migraine also increase the likelihood of one or the other
type of stroke, but more information is needed before a definitive relationship
can be established between these clinical factors and cerebrovascular disease.

3) Analysis of the two racial groups separately showed that the proportion of

oral contraceptive use at reference date was approximately three times higher
in white women with stroke than in black women with this illness. This leads

to an important question, which has never received analytical epidemiologic
attention: why is there an apparent lower relative risk in black women for

the causation of stroke due to contraceptive steroids, than for this causation
in white women. Epidemiologists have never asked this question, consequently
there cannot be and are no answers.

Significance to Biomedical Research and Program of the Institute : The study is

an extension of previous research on thromboembolism and oral contraceptive use

in which very few stroke cases were included and is a part of our program to

monitor the significant effects on health of currently used contraceptives.

Proposed Course : The operational phase was completed at the beginning of the

last contract period. Final analyses and publication of their results are

still forthcoming (JAMA, Feb. 17, 1975 - 231:718-722). These efforts required
no funding.
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Contract Title: Effects of Vasectomy on Testes, Epididymis and Vas Deferens

Contractor: University of Virginia School of Medicine (NOI-HD-2-2770 )

Money Allocated: $86,680 (FY 1975 funds)

Objectives: The purpose of this project is to delineate the effects of vasectomy i

on the contents and pressures in the tubules of the testis and epididymis

and the permeability of the blood-testis barrier and epididymal wall. Another

aspect of this project, concerned with effects on smooth muscle function in

the vas, was completed last year.

Major Findings : Micropuncture and microanalytical techniques which have been

used in studies of kidney physiology have been adapted . for use in studies of

testicular and epididymal physiology and have been used to determine the effects

of vasectomy on the intraluminal contents and hydrostatic pressure in the tes-

tis and epididymis in experimental animals. Three papers on this work have

been published (Fertil. Steril, 26: 13-19 and 20-28, 1975; Am. J. Physiol.

228 : 556-56^, 1975) and these techniques are now being adopted in a number of

other laboratories. In the normal haruster, intratubular pressure in the caput

epididymis is significantly higher than in the seminiferous tubules and proxi-

mal Cauda, and there is, a significant increase in pressure from the proximal
to the distal cauda. Two weeks after vasectomy, pressures in the seminiferous
tubules were decreased while those in the cauda were markedly increased. The

high incidence of sperm granuloma formation and/or rupture after vasectomy
reflects limitations on the distensibility and resorptive capacity of the
epididymis in adapting to obstruction of the excurrent duct in this species

.

Granuloma formation and rupture are less frequent in the guinea pig and in

this species the pattern of intratubular pressures a year after vasectomy is

similar to that seen in hamsters vasectomized for two weeks.

Techniques for studying the permeability of the blood-testis barrier and
epididymal wall have been worked out and preliminary data have been obtained
on permeability to water, inulin and urea in normal animals. Both testis and
epididymis are highly permeable to water and apparently closed to inulin but
urea, which penetrates the wall of the cauda nearly as rapidly as water,
enters the seminiferous tubules at a much slower rate.

Significance to Biomedical Research and the Program of the Institute : This con-
tract is one of a group of projects designed to define the physiologica]. and
medical effects of vasectomy in animals and man and thus to define the risks
or establish the safety of this method of contraception. Data from this pro-
ject are expected to provide significant new information on cha.nges in the
physiology of the male reproductive tract after vasectomy and thus clues to
the origin of immune reactions to the procedure and adverse effects on sub-
sequent fertility after vas reanastomosis

.

Proposed Course : Emphasis in this project is now being directed to studies of
the effects of vasectomy on the composition of tubular fluids and permeability
of the blood-testis barrier and epididymal wall to a variety of tracers.
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Contract Title: An Iinmunogenetic Analysis of Sperm Autoantigens in the
Mouse

Contractor: Cornell University Medical College (NOI-HD-2-2771 )

Money Allocated: $360,3^^ (FY 1973 funds for 3 years)

Objectives : The purpose of this contract is to analyze the antigenic compo-
nents on spermatozoa specified by alleles at the T-locus , determine their
antigenicity and cross-reactivity with antigens on cells of other tissues,
and determine whether vasectomy results in production of autoantibodies
specific for these defined antigens.

Major Findings : Antisera have been prepared which ca.n specifically recognize
T and four antigens specified by recessive t alleles as well as a wild-
type allele at the T-locus. The autoantigenicity of these antigens has been
demonstrated. The antisera are specifically cytotoxic for spei-m containing
the immunizing antigen but not against sperm of other genotypes. Absorption
tests with a variety of adult tissues have demonstrated that antigen T and
the four recessive t alleles are not represented on any adult cells except
spermatozoa.

Significance to Biomedical Research and the Program of the Institut e : Th i

s

contract is one of a group of projects designed to delineate the physiological
and medical effects of vasectomy in animals and man and thus to define the
risks or establish the safety of vasectomy as a method of contraception.
Studies under this contract are expected to lead to highly significant findings
on the nature of gene products on the sperm surface which may act as autoanti-
gens under such conditions as vasectomy.

Proposed Course : The autoantigenicity and cross-reactivity of other recessive
t alleles and other wild-type alleles at the T locus will be determined and
the development of autoantibodies to T and various recessive and wild-type
alleles after vasectomy will be examined.
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Contract Title: Immunologic and Morphologic Consequences of Vasectomy

Contractor: University of Missouri Medical Center NOl-2-2772

Money Allocated: $203,653 FY 1973 funds for two years

Objectives : The purpose of this project is to study morphologic and functional

changes subsequent to vasectomy and the role of the immune response in the

development of these changes. Humoral and cellular immune responses, fertility,

and pathologic effects on reproductive and other tissues are being studied in

immunized, vasectomized and vasoligated guinea pigs, and the role of antibodies

and cells in the development of pathology is being tested in passive transfer

experiments. Studies in human subjects include determination of antisperm
antibody levels and delayed hypersensitivity before and at intervals after
vasectomy.

Major Findings : Immunization with sperm in complete Freund's adjuvant produces
high titers of antisperm antibodies, delayed hvpersensitivity to sperm, testi-
cular inflammation and atrophv, and loss of fertilitv in about 1 in 3 strain
13 guinea pigs and similar but more variable results in the Hartley strain.
Unilateral or bilateral vasectomy is followed by development of antibodies
in some of the animals but no evidence of delayed hypersensitivity. Attempts
at adoptive transfer from guinea pigs immunized with sperm give borderline
evidence for cell-mediated immune responses in the recipients but no evidence
of humoral antibody or testicular damage. In human patients, about 1 in 4

demonstrated circulating antibody to sperm after vasectomy and 1 in 6 showed
a blastogenic response.

Significance to Biomedical Research and the Program of the Institute : This
contract is one of a group of projects designed to delineate the physiological
and medical effects of vasectomy in animals and man and thus to define the risks
or establish the safety of vasectomy as a method of contraception. Studies
under this contract are helping to define immunologic mechanisms in experimental
allergic aspermatogenesis and their relationship to responses after vasectomy.

Proposed Course : The remainder of this contract will be devoted to immuno-
pathologic studies of reproductive and non-reproductive tissues from guinea
nigs which have been immunized or vasectomizedNor were recipients in various
transfer exneriments . Work under this contract is expected to be completed
during FY 1976.
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Contract Title: Immunologic Studies on Steroid-Producing Cells

Contractor: State University of New York at Buffalo NOl-HD-2-2775
Money Allocated: $86,832 (FY 1975 funds)

Ob.iectives : This contract supports immunologic investigations of iiie effects

of vasectomy in animals and man. Initially, studies were conducted on sera

from unselected vasectomy patients and immunized and vasectomized rabbits

and particular attention was devoted to the possible development of antibodies

to steroid-producing cells of the testis and adrenal. During the past year

these investigations have been extended to men with a family history of auto-

immunity and inbred strains of rats and beagles with a genetic predisposition

to autoimmune disease, and to a wider range of immunologic evaluation. Para-

meters to be assessed include antibodies to steroid-producing cells and a

variety of other autoantigens , immune complex disease in kidneys and testis

in the animal work, and humoral and cell-mediated immunity to testicular anti-

gens .

Major Findings : In studies of serial sera from unselected vasectomy patients,

no antibodies to steroid producing cells of the testis have been found but

antibodies to adrenal cortical cells were detected in low titers in two

patients and to nuclear antigens in three; all patients were negative before

surgery. In serial studies of vasectomized rabbits, antibodies to testicular

antigens have been detected in a third of the animals and the time course of

their appearance and decline has been documented. No antibodies to steroid-

producing cells were detected. Immunization of rabbits with testicular extracts

in complete Freund's adjuvant results in antibodies to testicular tissue similar

to those demonstrated after vasectomy, again with no production of antibodies

to Leydig cells. Studies of patients and animals predisposed to autoimmunity

are progressing according to plan but it is too early for significant results.

Significance to Biomedical Research and the Program of the Institute : This

contract is one of a group of projects designed to delineate the physiological

and medical effects of vasectomy in animals and man and thus to define the

risks or establish the safety of vasectomy as a method of contraception. The

finding of antibodies to adrenal cortex and nuclear antigens in a few post-

vasectomy patients is critically important and justifies completion of a much

larger series of patients. The investigations of patients and animal models

with genetic predisposition to autoimmune disease may result in identification

of a group of men at particular risk for autoimmune sequelae of vasectomy

and will also provide an enriched population in which rare untoward sequelae

may be more readily identified.

Proposed Course : Studies according to the current protocol will be continued

for at least another year after which appropriate directions fcr the study

will be reassessed.
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Contract Title: Endocrine Changes in Vasectomized Men

Contractor: University of Texas Medical School at Houston NOl-HD- 2-2776

Money Allocated: $207,876 (FY 1974 funds for two years)

Ob-jectives : This contract supports a prospective study of plasma levels of

testosterone, estradiol, FSH and LH in 200 men tested before and at intervals
after vasectomy.

Ma-jor Findings : Two hundred patients have been enrolled in the study, 147

have reached one year after vasectomy and 56 have reached the two year post-
j

operative interval. No adverse effects on plasma hormone levels have been I

demonstrated. Beginning at six months after vasectomy, mean plasma testos-
terone levels showed a statistically significant elevation, mean plasma i

estradiol levels were lower, mean plasma LH levels were elevated and mean
\

plasma FSH levels were unchanged. By two years after vasectomy, a slight plasm?
FSH elevation had occurred, plasma estradiol levels had returned to baseline I

and plasma testosterone and LH level remained elevated. These altered levels,
'

although significant statistically, did not exceed normal ranges found in adult
"males in this laboratory and do not follow the pattern which would be expected
in testicular dysfunction. The lower levels of testosterone and LH found in
the preoperative and early postoperative samples may be attributable to
psychological stress in relation to the surgical procedure. ;

Significance to Biomedical Research and the Program of the Institute : This
contract is one of a groun of pro-jects designed to delineate the physiological
and medical effects of vasectomy and thus to define the risks or establish
the safety of the procedure as a method of contraception. Possible adverse
effects on testicular and endocrine function have been one major area of
concern. This contract will provide longitudinal data in a large number of
patients followed for two to three years. Together with results from another
similar study in this program the data should be sufficient to clarify or
refute any adverse hormonal effects of vasectomy in the early postoperative
years

.

Proposed Course : This study is expected to be continued for one to two addi-
tional years in order to obtain and analyze 2-year follow-up data on 200
vasectomy patients. Approximately 100 of these patients will reach the 3-year
postoperative interval and will also be studied at that time.
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Contract Title: Sperm Immunology
Contractor: Netherlands Cancer Institue NOl-HD-3-2700
Money Allocated: $178,368 (FY 1975 funds)

Objectives : This contract supports work on isolation and characterization of

autoantigens from human spermatozoa and the improvement of techniques for

assessing immune responses to sperm antigens. The development of antibodies

to the purified sperm antigens and the new assay techniques are tested in

studies of sera from naturally infertile and vasectomized men.

Major Findings : Two antigens, protamine 1 and protamine 2, have been isolated

froms'jlubilized human spermatozoa. These antigens are readily demonstrated
by their ability to inhibit binding of antibody to fixed and artificially
swollen sperm heads. They are highly basic proteins, contain 47 and 51 amino
acid residues and have molecular weights of 6277 and 6844 respectively, and

cross react immunologically with salmon protamine which is used in human
pharmacology

,

In studies of sera from 105 vasectomized men, 55% developed sperm agglutinating
antibodies, 22% developed low titers of antibodies to human protamine, and
22% developed cytotoxic antibodies. The presence of autiprotamine antibodies
was correlated with the presence of agglutinins and cytotoxins.

In methodological studies, extensive comparisons between the Kibrick sperm
agglutination assay and a new micro agglutination technique have demonstrated
that the incidence of agglutinins is similar in the two tests. A new micro
assay for sperm immobilization and sperm cytotoxicity has also been assessed
and -modified and now gives highly reproducible results. Micro assays offer
the advantage of testing large numbers of sera using a single semen sample
and thus reducing inter-assay variability.

Significance to Biomedical Research and the Program of the Institute : This
contract is one of a group of projects designed to delineate the physiological
and medical effects of vasectomy and thus to define the risks or establish
the- safety of the procedure as a method of contraception. Immunologic se-
quelae are a major area of concern and this project will not only contribute
to defining immune alterations in vasectomized men but also provide purified
antigens and improved assay methods for work in this and other laboratories.
The identification of antibodies to human sperm protamine in some vasectomized
men raises concern that these antibodies may react with nuclear components of
other tissues.

Proposed Course : In the antigen isolation work, efforts will be directed to
other soluble antigens of human sperm, particularly a histone-like protein
and sperm-specific enzymes such as LDH-X and hyaluronidase. The cross-reac-
tivity of antibodies to hiiman protamine with other antigens will be investigated
and further work will be done on assays for cytotoxic and immunofluorescent
antibodies and cell-mediated immunity to sperm.
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Contract Title: Autoimmune Phenomena and Mechanisms in Human Vasectomy

Contractor: University of Cincinnati Medical Center, NOl-HD-3-2709

Money Allocated: $114,177 (FY 1975 funds)

Objectives : This contract provides for a longitudinal study to evaluate the

effects of vasectomy on medical status, immune function and blood coagulability.

Forty-one vasectomy patients enrolled in the first contract year and 20 patients

and 20 matched controls entered last year receive periodic medical examinations '

and tests for humoral and cellular immune responses to genital and non-genital
|

antigens, circulating immune complexes, quantitative and qualitative alterations!

in immunoglobulins, development of autoantibodies, and alterations in blood

coagulation parameters.
I

Major Findings : Physical and urological examinations have failed to reveal any

changes attributable to vasectomy. Immunologic studies in the first group of

patients have revealed no significant production of autoantibodies save those
j

to sperm in 16 subjects and development of antinuclear antibodies in one subject.]

Unexoected variability was encountered in many of the immunologic parameters
including immunoglobulin and complement levels, blastogenic responses and MIF

production. Transient elevation of circulating fibrin levels was found in

several subjects after vasectomy. The parameters studied in the second group

are the same as in the first but with technical refinements in some of the \

assays and the addition of tests for secretory IgA, antisperm antibodies and
|

antigen-antibody complexes in seminal fluid. Data from this group have not
|

yet been analyzed. I

I

Significance to Biomedical Research and the Program of the Institute : This
,

contract is one of a group of projects designed to delineate the physiological I

and medical effects of vasectomy and thus to define the risks or establish the
I

safety of the procedure as a method of contraception. It provides for intensive
medical, immunologic and hematologic evaluation of a group of vasectomy patients i

for periods up to two years. Data thus far suggest that immunopathologic
]

sequelae and activation of the clotting system are not frequent complications
of the surgical procedure.

Proposed Course : Subjects enrolled in this study will be followed for at least
another year, with further refinements in some of the techniques. In addition,
efforts will be made to obtain purified antigenic components of human sperm

j

which may reduce variability in assays for cell-mediated immunity and also J

permit identification of specific antigens responsible for post-^^asectomy
"

immune responses to sperm.
i

I
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Contract Title: Immunopathologic Consequences of Vasectomy
Contractor: University of New Mexico NOl-HD-3-2717
Money Allocated: $105,126 (FY 1975 funds)

Objectives : This contract provides for investigations of immune responses to

sperm antigens and immunopathologic effects of vasectomy in experimental animals
and man. In man, the class, titer, and antigenic specif ities of antisperm anti-

bodies are being determined before and after vasectomy and correlated with infor-
mation from medical histories in relation to possible local or systemic sequlae.

In vasectomized animals and animals with experimental allergic orchitis, patho-
logic changes in the reproductive tract and other organs are being evaluated in

relation to cell-mediated and humoral immune responses.

Major Findings : Studies of sera from 114 individuals examined before and after

vasectomy have revealed antibodies directed against seven topographically defined
sperm antigens, five of which can be demonstrated by indirect immunofluorescence
on living sperm and are presumably directed against surface membrane determinants.
The antigens have been partially characterized with respect to susceptibility to

enzymes, inactivation by periodate, and abilitv to provoke the formation of

antibodies which cross react with determinants on other cells and bacteria.

The antibodies are classified in two groups, "natural" and "immune." The four

"natnral" antibodies are presented in 60% of men before vasectomy and also occur

in women and children: incidence and titers of antibodies are higher in younger
age groups. These "natural" antibodies cross react with antigens of a number
of common bacteria and may result from bacterial infection rather than exposure
to genital antigens. The three "immune" antibodies, however, are rare before
•vasectomy and increase markedly after the operation. Immunopathologic effects

of vasectomy, if found, are more likely to be attributable to immune responses

to these antigens.

Significance to Biomedical Research and the Program of the Institute : This con-

tract is one of a group of projects designed to delineate the physiological and

-medical effects of vasectomy in animals and man and thus to define the risks or

establish the safety of vasectomy as a method of contraception. Possible immuno-

pathologic effects are a major area of concern and studies under this contract

are making a significant contribution to defining the characteristics of immune

reactions to vasectomy.

Proposed Course : Sera from an additional 3-400 patients will be studied for

antibody titers and specifities. Sperm antigens which elicit orchitis in guinea

pigs will be purified and humoral and cellular immune responses to these antigens

will be songht. The possible occurrence of immunologic tolerance to sperm anti-

gens will be studied since this would argue against potential clinical signifi-

cance for the iinmune responses seen in vasectomy patients.
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Contract Title: USC Collaborative Study of the Effects of Vasectomy
|

Contractor: University of Southern California Medical Center

Money Allocated: $1*7,300 (FY 75 funds for 5 months)

(NOl-HD-3-2757)
.

Objectives : The purpose of this project is to conduct a pilot prospective study
|

of the effects of vasectomy in 50 patients and 50 matched controls. The
j

evaluation includes medical history, physical examination, psychological tests, i

clinical laboratory data, humoral and cellular immune alterations, hormonal
'

changes.

Major Findings : Forty-four patients and 35 matched control subjects have been

enrolled in the study and 35 of the patients have now been followed for at

least 12 months. No significant changes have been observed in medical and

psychological status at one year after surgery. Seventy percent of the patients

demonstrated sperm agglutinating and/or sperm immobilizing antibodies at 6

and 12 months after vasectomy, while only one patient demonstrated antibodies

before vasectomy and in the control subjects, the percentage positive varied 1

from to 5- By immunofluorescence, antisperm antibodies were demonstrated
in kO% of patients before vasectomy and the prevalence did not increase after

vasectomy; data on titers is not yet analyzed. There was no increased
j

prevalence of autoantibodies to eleven non-genital antigens in the vasectomy
patients. In the endocrine evaluations, serum levels of FSH, LH, testosterone,
estradiol and estrone have been determined at monthly intervals in 25 of the

vasectomy pccients and their matched controls. No significant changes attri-
butable to vasectomy have been observed in the data through the ninth
post-operative month.

Significance to Biomedical Research and the Program of the Institute : This

contract is one of a group of projects designed to delineate the physiological
and medical effects of vasectomy and thus to define the risks or establish
the safety of the procedure as a method of contraception. This project is

a pilot study providing a comprehensive prospective evaluation of medical,
immunologic, endocrine and physiological effects in a small nijmber of vasectomy
patients and matched controls. It is also providing information on the
practicality of following patients and controls and the usefulness of various
specific assay procedures.

Proposed Course : Data from this pilot study will be evaluated early in FY 1976
and the future course of the study will depend on the results of this
evaluation.

<

<
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Contract Title: Iirnnunologic and Morphologic Effects of Vasectomy in Mon-

keys
Contractor: Tulane University NOl-HD-3-2758

Money Allocated: $69,2^+6 (FY 1975 funds)

Objectives : The purpose of this contract is to study immunologic responses

and morphologic changes in monkeys vasectomized by three different surgical

techniques varying in degree of sperm spillage. Immunologic tests are di-

rected to assessment of humoral and cellular immune responses to sperm antigens.

Morphologic changes in testis, epididymis and vas deferens are being sought by

light and electron microscopy.

Major Findings : The immunologic findings in this study thus far have been

negative, in contrast to data on vasectomized animals and man obtained in

other laboratories. Exchanges of sera with another laboratory on a blind

testing basis have demonstrated excellent reproducibility in both laboratories

in the Kibrick sperm agglutination assay but markedly lower sensitivity in

the assay at Tulane. The reasons for this discrepancy are being sought. Mor-

phologic assessment of tissue specimens obtained at intervals up to one year

after the surgical procedures is in progress but it is too early for signi-

ficant findings and correlations with the immunologic data cannot be made until

problems with assay sensitivity are resolved.

Significance to Biomedical Research and the Program of the Institute : This

contract is one of a group of projects designed to delineate the physiological
and medical effects of vasectomy in animals and man and thus to define the

risks or establish the safety of vasectomy as a method of contraception. This

project will provide a detailed evaluation of morphologic changes in monkeys
vasectomized for periods up to one year and correlated data on immune altera-
tions. It should also provide information on the effects of variations in sur-

gical technique and the role of sperm spillage at the operative site in the

initiation of an immune response after vasectomy.

Proposed Course : It is expected that problems with the assays for antisperm
antibodies will be resolved and the immunologic data completed by mid FY 1976.
Preliminary morphologic evaluation will also be completed at this time but
further, more detailed studies will be required if significant alterations in

structure are demonstrated.

263



NICHD ANNUAL REPORT

July 1, 1974 thro-ugh June 30, 1975

Contraceptive Evaluation Branch
Contract and Collaborative Research

Contract Title: Immune Alterations Associated with Vasectomy
Contractor: Baylor College of Medicine NOl-HD-3-2759
Money Allocated: $85,000 (FY 1975 funds)

Objectives : This contract supports an evaluation of alterations in immune func-

tion in men studied before and at intervals after vasectomy. Patients in the

study are also being evaluated for endocrine alterations under a separate
contract with the University of Texas. Immunologic assessment includes tests

for sperm agglutinating, sperm immobilizing and cytotoxic antibodies, immuno-
globulin levels, and a battery of assays for autoimmunity. Efforts are being
made to develop an assay for cell-mediated immunity to sperm.

Major Findings : Eighty-one patients are enrolled in the study and have been
followed for periods up to 18 months after vasectomy. A high incidence of

antibodies has been demonstrated after vasectomy - 75% of patients by the

Kibrick sperm agglutination assay, 45% by the Franklin-Dukes assay, and 31%

by the Isojima sperm immobilization assay. Antibody levels in individual
patients change markedly with time and the kinetics differ with the three
assays used. A transient drop in serum levels of immunoglobulin G and immuno-
globulin M at early intervals after vasectomy has been demonstrated.

Significance to Biomedical Research and the Program of the Institute : This

contract is one of a group of projects designed to delineate the physiological
and medical effects of vasectomy and thus define the risks or establish the

safety of the procedure as a method of contraception. This project is defining

the longitudinal pattern of responses to three serological tests for antisperm
antibodies in vasectomy patients and is obtaining data on other aspects of

immune function which may be correlated with development of these antibodies.
It is thus making a substantial contribution towards defining the immunologic
sequelae of vasectomy in man.

Proposed Course : It is expected that patients enrolled in this study will be

followed at 6-month intervals for at least another year with continued assess-
ment of antisperm antibodies and immunoglobulin levels. Antibody levels are

still high and thus the potential for long-range problems is still present.
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Contract Title: Long-Term Effects of Vasectomy in the Rhesus MonKey
Contractor: Oregon Regional Primate Research Center NOl-HD-U-2866
Money Allocated: $100,279 (FY 1975 funds)

Objectives : Monkeys vasectomized at times up to ten years ago will be evaluated

for clinical, immunologic and immunopathologic alterations in comparison with

normal monkeys of similar age. Parameters to be studied include general health

status, blood coagulability, endocrine function, humoral and cell-mediated
immiine responses to sperm antigens, the development autoantibodies to non-

genital antigens , and morphology and immunopathology in reproductive and non-

genital tissues.

Major Findings : This contract was initiated at the end of FY 197^- During 1975

a specific plan for studying these unique animals was developed and clinical

evaluations are in progress. However, significant findings are not expected

for another year or so.

Significance to Biomedical Research and the Program of the Institute : This con-

tract is one of a group of projects designed to delineate the physiological

and medical effects of vasectomy in animals and man and thus to define the

risks or establish the safety of vasectomy as a method of contraception.

This project will provide unique and valuable data on the long-term sequelae

of the procedure in subhuman primates.

Proposed Course : Clinical studies of the vasectomized monkeys and normal con-

trols are in progress. Pathologic evaluation of biopsy materials will be

conducted in FY 1976 and will be followed by detailed evaluation of materials

obtained at autopsy. The project is expected to require at least two years to

complete.
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Contract Title: Metabolism of Steroidal Oral Contraceptives

Contractor: Medical College of Georgia NOl-HD-1-2297

Money Allocated: $80,000 (est. -FY 1975 funds)

Objectives : The purpose of this contract is to obtain information on the plasma
half-life, metabolic clearance rate, and urinary and circulating metabolites
of norethindrone and mestranol in normal women of reproductive age and on the

effects of chronic use of steroid contraceptives on these parameters.

Major Findings : Data from this project indicate that the rate of metabolism
of the progestational steroid, norethindrone, is significantly elevated in

women who have used a combination-type oral contraceptive containing norethin-
drone plus mestranol for six months, while the rate of metabolism of mestranol
is not altered. Data have also been obtained demonstrating that both norethin-
drone and mestranol are cleared rapidly from plasma after intravenous injection
but metabolites of both drugs apparently remain in the plasma for extended
periods, having half-lives in hours or days rather than in minutes. Preliminary
results with oral administration indicate rapid appearance of both drugs in
the blood and the appearance of metabolites which remain in circulation for
extended periods. Furthermore, when labelled norethindrone or mestranol is

given orally on four successive days, the long-lasting metabolites accumulate
in the plasma in increasing amounts.

Significance to Biomedical Research and the Program of the Institute : This con-
tract is providing metabolic, data on two of the most commonly used contracep-
tive steroids in normal women of reproductive age. Such data are needed to
understand the basic pharmacology of these agents and their long-term effects.
The accumulation of long-lasting metabolites of norethindrone and mestranol in
the blood is a significant finding since adverse effects may. be attributable
to the biological effects of these derivatives.

Proposed Course : The accumulation of long-lasting circulating metabolites of
norethindrone and mestranol and their disappearance patterns after discon-
tinuance of the drug will be investigated in detail. Efforts will also be
made to identify these and other circulating metabolites, using isolated
urinary metabolites as reference compounds.

i
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Contract Title: Metabolism and Metabolic Effects of Steroidal Oral Contra-

ceptives

Contractor: Worcester Foundation for Experimental Biology NOl-HD-1-229^

Money Allocated: $108,000 (est- FY 1975 funds) ,

Ob.jectives : The goal of this contract is to characterize the metabolism of

mestranol and ethinyl estradiol in women who are and are not long-term users

of oral contraceptives containing these estrogens. Urinary metabolites are

isolated and identified after administration of estrogens labelled at specific

molecular positions, and the extent of involvement of specific sites in meta-

bolic transformations is assessed. A radioimmunoassay for mestranol and

ethinyl estradiol is being developed for use in determining plasma levels of

the estrogens in oral contraceptive users.

Major Findings : Data from this project demonstrate that the use of combination-

type oral contraceptives does not influence the metabolism of the estrogenic

component. The metabolic clearance rate for mestranol was 690 + U5 l/day/m

and for ethinyl estradiol 630 + 30. Approximately 20^ of mestranol is con-

verted to and appears in blood as ethinyl estradiol. In studies involving

oral administration of h-\ and k-^ C mestranol, reactions involving position

h on the mestranol molecule have been demonstrated to occur in no more than

1.7 - 3% of the administered dose. Thus all postulated metabolic reactions

involving position ); appear to be of little quantitative significance. De-

ethinylation in vivo was no more than 1-2^ of the dose as measured by derived

urinary metabolites

.

Significance to Biomedical Research and the Program of the Institute : This

contract is providing an analysis of the metabolism of the two estrogens which

are used in combination-type oral contraceptives and the effects of chronic

contraceptive use. Such data are required to understand the basic pharmacology

of these agents and their long-term effects.

Proposed Course : Studies on the in vivo metabolic transformations of mestranol

and ethinyl estradiol will be continued, a previous finding that l6a-hydroxylated

urinary metabolites of estradiol are decreased in women taking oral contracep-

tives containing ethinyl estradiol will be pursued, and serial plasma levels of
ethinyl estradiol and mestranol will be determined by radioimmunoassay starting
at the beginning of contraceptive therapy and continuing at intervals there-
after.
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Contract Title: Effects of Commonly Used Drugs on the Metabolism of

Ethynyl Estradiol and Mestranol
Contractor: Worcester Foundation for Experimental Biology NOl-HD- 3-2719

Money Allocated: $40,400 (est. FY 1975 funds)

Objectives : Studies are being conducted to determine the effects of acute and

chronic treatment with commonly used drugs on the metabolism of contraceptive
estrogens in laboratory animals. Drugs to be studied are selected from among

such widelv used agents as phenobarbital, aspirin, secobarbital, disulfram,
and chlorpromazine. In vitro studies of steroid demethvlation and 2-hydroxy-
lation are conducted in rat liver microsomal preparations and possible drug-
induced alterations in other metabolic pathways are also being sought.

Major Findings : Studies conducted during the past year have demonstrated that
pretreatment of rats with phenobarbital or secobarbital increases the rate of

metabolism of mestranol by liver microsomal preparations, reducing both demethy-
lation to ethinyl/estradiol and 2-hydroxylation. Disulfiram reduced the rate
of metabolism of mestranol, reducing demethylation to ethinyl estradiol, while
pretreatment with aspirin had no effect on mestranol metabolism. Also, in rats
pretreated with phenobarbital, suggestive evidence has been obtained for some
metabolisTn of mestranol without demethylation.

Significance to Biomedical Research and the Program of the Institute : It is

well known that drug interactions can alter the metabolism and effects of many
drugs, reducing or increasing efficacy and/or the incidence and severity of side

effects. Little is known of interations of other commonly used drugs with oral
contraceptives and in vitro studies in drug-treated animals should contribute
significant information on effects which may be expected in man.

Proposed Course : During the next year these studies will be extended to assess
the effects of chlorpromazine, dilantin, amitriptylene, diazepam and tetra-
hydrocannabinol on demethylation and subsequent 2-hydroxylation of mestranol
and 2-hydroxylation of ethinyl estradiol and that similar studies with
4---'H-mestranol will be done to assess involvement of position 4.
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Contract Title: Peripheral Metabolic Effects of the Ethynjil hstrogens in
Subhuman Primates and Canines as Compared to Man

Contractor: Southwest Foundation for Research and Education
(NOl-HD-2-2723)

Money Allocated: $83,155 (FY 1975 funds)

Objectives : This contract supports studies of the effects of two dosage levels
of ethynyl estradiol and mestranol, alone and in combination with norethin-
drone, megestrol and norgestrel, on certain metabolic functions in baboons
and beagles. The results will be compared with similar data being obtained
for human subjects under support from other sources. Parajneters being investi-
gated in both species are the effects of the steroids on glucose tolerance,
plasma lipoproteins, and plasma Cortisol, testosterone and androstenedione.
In addition, effects on serum bilirubin, fibrinogen, alkaline phosphatase,
SCOT, tryptophan, ceruloplasmin, thyroxine, and steroid-binding protein are
being determined in the baboons

.

Major Findings : The protocol for this project requires studies of the effects
of estrogen alone and then of progestin-estrogen combinations in 30 beagles
and 30 baboons, followed by replication of these studies in a second group of
30 animals of each species. The first replication has been completed and the pre
liminary data suggest significant biological differences between baboons and
beagles in the effects of estrogen treatment on lipoprotein patterns, car-
bohydrate metabolism, and circulating hormone levels. Assays from the second
replication are now being completed, after which all of the animal and human
data will be analyzed by computer. Findings from this study will be available
next year

.

Significance to Biomedical Research and the Program of the Institute : The pro-
ject is one of a group of contracts to define the metabolism and effects of
contraceptive steroids in animal models and thus to determine the usefulness
of various animal species in predicting potential adverse effects of these
agents in man or investigating the physiological mechanisms involved. Metabo-
lic effects of steroid contraceptives on carbohydrate and lipid metabolism in

man have long been known and recent epidemiologic studies have identified in-

creased risks of thromboembolic events in oral contraceptive users. This con-
tract will provide data on the degree of similarity in effects of contracep-
tive steroids on carbohydrate and lipid metabolism in beagles, baboons and man.

The data will be important in determining the usefulness of these animals for

toxicity testing and for studies of the mechanisms which may be involved in

thrombogenic and diabetogenic effects.

Proposed Course : The analysis of data from this study is expected to be com-
pleted by mid FY 1976.
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Contract Title: Development of Radioimmunoassays for Norethindrone and
Ethinyl Estradiol

Contractor: State University of New York at Buffalo NOl-HD-li-2858

Money Allocated: $67,000 (FY 197^ funds) i

Objectives : The purpose of this project is to develop radioimmunoassays for

norethindrone and ethinyl estradiol which are of sufficient sensitivity for

use in determining plasma levels of the steroids in women and/or monkeys re-

ceiving contraceptive dosages of these agents.

Major Findings : A radioimmunoassay using goat antisera to ethinyl estradiol-
3-succinate has been developed. Sensitivity is limited by the methodological
blank which is 12 pg in male plasma. Conjugates of ethinyl estradiol-3-
succinate, 6-carboxyraethyloximino-ethinyl estradiol and 6-carboxymeGhyloximino-
mestranol with serum albumin have been injected into rabbits and antisera raised
but the titers have not yet been determined after booster injections. Efforts
to develop a radioimmunoassay for norethindrone have been hindered by difficult-
ies in synthesizing radiolabelled norethindrone of high specific activity.

Significance to Biomedical Research and the Program of the Institute : Studies
of the metabolism and effects of contraceptive steroids have been hindered
by the lack of radioiimnunoassays which can be used to measure circulating blood
levels of these agents with high sensitivity and specificity. If such methods
are successfully developed under tnis contract, they will contribute signifi-
cantly to studies in many laboratories.

Proposed Course : Results to date under this contract will be evaluated late
in FY 1975 and the future course of the project will be determined at that
time.

270



NICHE ANNUAL REPORT
July 1, 197^ through June 30, 1975
Contraceptive Evaluation Branch

Contract and Collaborative Research

Contract Title: Biliary and Urinary Excretion, Enterohepatic Circulation,

and Effects of Contraceptive Steroids

Contractor: Health Research, Inc. Roswell Park Division (N01-HD-2-272U)

Money Allocated: $70,800 (FY 197^ funds)

Objectives : The purpose of this project is to determine the extent of biliary

and urinary excretion of metabolites of contraceptive steroids and the major

classes of conjugated metabolites in baboons and human subjects. Steroids to

be studied are to be selected from norethindrone, ethynodiol diacetate, ethinyl

estradiol, dimethisterone , chlormadinone acetate, medroxyprogesterone acetate

and norgestrel.

Major Findings : Data from experiments conducted in baboons following injection

of doubly labelled ethynodiol diacetate indicate that kO% of the radioactivity

is excreted in bile and kk% in urine. Analysis of excretion rates indicates

little or no enterohepatic circulation of this compound. The steroid is ex-

creted mostly as glucosiduronates in urine and bile. No excretion of 3-acetoxy

compound was detected but IJ-monoacetoxy compounds were detected in both urine

and bile, suggesting differential in vivo hydrolysis of the 17B- and 3B acetate.

Similar studies with medroxyprogesterone acetate indicate that this steroid is

excreted more slowly than ethynodiol diacetate and there is little or no enter-

ohepatic circulation. Glucosiduronates are the prominant conjugates and no sul-
fates or diconjugates could be detected. Hydrolysis of the 17ot-acetyl group
occurs to a very small extent if at all. For chlormadinone acetate, urinary
excretion of radioactivity was very low while excretion in bile was higher,

being comparable to that of ethynodiol diacetate. There appears to be no

significant enterohepatic circulation. Up to 2 hours after injection, deace-
tylated compounds constituted a major portion of the excreted radioactivity
but amounts of deacetylated compounds were still minor compared with the total
radioactivity excreted in 7 hours . From 2 to 7 hours there was no further
deacetylation at position 17 and no desmolation or hydroxylation at position 1.

Significance to Biomedical Research and the Program of the Institute : Data on

the metabolism of contraceptive steroids in human subjects and animal models
are necessary in order to understand the pharmacologic effects of these agents
and to predict possible toxic effects from studies in animals. This study will
provide an overview of the metabolic patterns of contraceptive steroids in

baboons and comparative data in hiiman subjects will permit evaluation of the use-

fulness of the baboon as an animal model.

Proposed Course : Results to date in this contract will be evaluated late in FY

1975 and the future course of the project will be determined at that time.
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Contract Title: The Baboon: An Animal Model for the Study of Contraceptive
Steroids

Contractor: New York Hospital-Cornell Medical Center NOl-HD- 2-2734

Money Allocated: $104,837 (FY 1975 funds) i

Objectives : The purpose of this contract is to study the effects of contra-
ceptive steroids on bile acid metabolism in the baboon. Initial studies are

of the effects of two dosages of ethinyl estradiol administered orally on

bile acid pool size and turnover rates. Subsequently, the effects of norethin-
drone will be investigated.

Maj or Findings : A technique of cholecystopexis has been developed in the

baboon which permits sampling of bile through a hypodermic needle inserted
through the skin into the gallbladder. Preliminary data from kinetic studies

in cholecystopexed baboons suggest that ethinyl estradiol decreases the pool

size of cholic and chenodeoxycholic acids by increasing their turnover rates

without compensatory increases in rates of synthesis. Data from one animal
indicate that turnover and pool size returned to near control levels after

withdrawal of the estrogen. Studies currently in progress are designed to

validate these findings in repeated studies in a larger group of animals.

Significance to Biomedical Research and the Program of the Institute : There '

are a number of clinical reports in the literature indicating an increased
incidence of gallstones in women taking oral contraceptives. Studies supported
by this contract should provide unique information on the effects of contra-
ceptive steroids on bile acid metabolism and the mechanisms responsible for

gallstone formation.

Proposed Course : Current studies of the effects of ethinyl estradiol and
norethindrone on bile acid metabolism will require most of FY 1976 to complete.

Future directions of this contract will depend on the results of these studies.

i
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Contract Title: Contraceptive Steroids in Beagle Dogs
Contractor: Cornell University NOl-HD- 2-2725
Money Allocated: $108,500 (FY 1974 funds for 15 months)

Objectives : The purposes of this contract are 1) to develop radioiinmunoassay
methods for LH, FSH, prolactin, estrone and estradiol and protein binding
assays for progesterone and glucocorticoids in plasma samples from beagles,

2) to use these assays to determine levels of polypeptide and steroid hormones
in the normal reproductive cycle of the beagle, and 3) to study the effects of

contraceptive steroids on endocrine function in this species.

Major Findings: Assays for plasma progesterone, estrogens, corticoids and LH
have been established and validated in beagle dogs and plasma levels of these
hormones have been measured throughout the beagle reproductive cycle as reported
last year. Acute and chronic studies of the effects of two dosages of medroxy-
progesterone acetate (MPA) on plasma levels of these hormones in the beagle
are in progress. A radioimmunoassay for MPA has been established and circula-
ting levels of the drug are being determined in the treated beagles. Prelim-
inary data indicate that chronic treatment with MPA suppresses normal metestrus
plasma progesterone levels.

Significance to Biomedical Research and the Program of the Institute : Long-term
chronic toxicity studies in beagles and monkeys are required for FDA approval

of contraceptive steroids for clinical use. Several promising agents have been
removed from the -market when breast nodules developed in beagles treated with
these compounds but there is little information on the relationship of these
lesions to human breast cancer. Data from this study will contribute to under-

standing hormonal effects in the beagle resulting from treatment with steroids

which induce mammary lesions and permit comparison of biological effects in

the beagle with effects in human patients.

Proposed Course : Acute and chronic studies of the effects of MPA on hormone

levels in the beagle are expected to be completed during FY 1976. At that

time consideration will be given to possible studies of other dosage levels

of MPA and/or to studies of other contraceptive steroids.
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Contract Title: Pharmacopathologic Effects of 17a'-Hydroxyprogesterone
j

Derivative in Beagle Bitches (NOI-HD-3-2705 )
,

Contractor: University of, Rochester School of Medicine and Dentistry
j

Money Allocated: $207,989 (FY 1975 funds) ':

1

Objectives : This contract supports a longitudinal study of the effects of

medroxyprogesterone acetate (MPA) in beagles. The effects of three dosages

of MPA on morphological and histochemical characteristics of mammary glands ,

and uteri are being investigated. Glands and uteri are removed for study at I

intervals of 3-^ months for a period of four years , and complete necropsy I

examinations are conducted after kQ months of treatment. '

j

Major Findings : Studies under this contract are proceeding as planned but it

is too early for significant findings on the effects of medroxyprogesterone
acetate on mammary and uterine tissues of the beagle. Tissues from treated
beagles have been collected over 22 months of drug administration and many of
these have been evaluated. The dosages used in this study are intentionally
considerably lower than those used in FDA toxicity studies and it is not cer-
tain whether or not they are suppressing ovulation. There is histologic 1

evidence of cyclic endocrine activity in the treated dogs and a few of the
|

high dosage animals have recycled. The ovaries of dogs which have been
j

necropsied show mostly atretic follicles but a few old corpora lutea have been J

noted. \

Significance- to Biomedical Research and the Program of the Institute : Long-termj
chronic toxicity studies in beagles and monkeys are required for FDA approval

!

of contraceptive steroids for clinical use. Several promising agents have '

been removed from the market when breast nodules developed in beagles treated
with these compounds but there is little information on the pathology of these

j

lesions or their possible relationship to human breast cancel. Data from this
\

contract will provide information on the origin and pathologic nature of
beagle mammary lesions induced by medroxyprogesterone acetate and thus on their

i

medical significance.
I

Future Course : Studies under this contract are expected to require l^g to 2

years to complete. At that time, tissues will have been obtained and evaluated!
from periods of drug treatment up to k years. During the next year it is

j

expected that a small ancillary study will also be conducted to determine
whether the dosages of MPA suppress OArulation in the beagle, information which
will contribute to interpretation of the effects of long-term treatment.

i
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Contract Title: Central Repository for Tissue Evaluation of Contraceptive
Steroids

Contractor: Universities Associated for Research and Education in

Pathology (n6i-HD-2-2729

Money Allocated: $145,272 (FY 1975 funds)

Objectives : The primary purpose of this project is to evaluate the pathologic
nature and medical significance of the mammary lesions which occur in beagles

treated with some progestational compounds. Tissue specimens from treated and

control animals are obtained from pharmaceutical companies and other sources
conducting long-term toxicity studies of steroidal contraceptive agents. The
specimens are subjected to detailed pathologic evaluation at the Armed Forces

Institute of Pathology. Comparative studies are conducted on normal canine
mammary tissue and spontaneous canine mammarv lesions. Tissues from toxicity
studies in monkeys and rats are also being collected for possible future
evaluation.

Major Findings : Preliminary histopathologic evaluation of mammary and other
tissues from 363 beagle cases has been completed. These cases are from 15

toxicity studies of MK-665, WY-4355, anagestone, progesterone, medroxyproges-
terone acetate, megestrol acetate and chlormadinone acetate. Thirteen cases
with undisputable carcinomas have been identified, occurring in beagles treated
with MK-665 plus mestranol, WY-4355 plus mestranol, anagestone plus mestranol,
and -medroxyprogesterone acetate. The differentiation of the various types of
benign lesions is difficult since the classifications appear to represent points
in a continuum along which individual lesions may progress. There is thus far
no evidence for progression of the benign lesions to mixed tumors, fibroadenoma
or carcinoma. These materials are now being reviewed in blind fashion and the
consistency of application of the diagnostic criteria for various benign and
malignant classifications is being analyzed.

Significance to Biomedical Research and the Program of the Institute : Long-term
chronic toxicity studies in beagles and monkeys are required for FDA approval
of contraceptive steroids for clinical use. Several promising agents have
been removed from the market when breast nodules developed in beagles treated
with these compounds but there is little information on the pathology of these
lesions or their possible relationship to human cancer. This contract was
awarded to meet the need for central, expert and unbiased review of tissues
obtained from various laboratories and processed with standardized methods;
it is expected that the nature of these lesions and their medical significance
will be determined.

Proposed Course ; Over the next two vears , additional specimens will be acquired
from long-term toxicity studies of the contraceptive steroids now represented
in the repository and efforts will be made to acquire specimens from animals
treated with additional steroids. The classification system will be finalized
and final histopathologic diagnoses will be made on all canine mammarv lesions.
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Contract Title: Comparative Pharmacology of Steroid Contraceptive Drugs
Contractor: Mario Negri Institute of Pharmacological Research
Money Allocated: $125,000 (FY 1975 funds) (NOl-HD-2-2773)

Objectives : This contract supports studies in five major areas: l) The effects '

of steroid contraceptive drugs on neurochemical mediators in the brain and
target organs; 2) effects on immunological responsiveness and 3) the invasiveness
of cancer; k) effects on lipid metabolism and lipolysis in adipose tissue;
and 5) the interaction of steroid contraceptive agents with other drugs. In all
of these investigations, data are correlated with antifertility effects in the

,

test species. Studies are conducted in mice, rats, guinea pigs and rabbits.
|

The animals receive one of three drug combinations administered orally (nore-
;

thynodrel plus mestranol, norethindrone plus mestranol, and lynestrenol plus
mestranol ) , and in some experiments additional animals receive the individual ,

steroids alone. A range of dosages is used in both acute and chronic studies
and dose-response effects are being determined.

Major Findings : Data on the effects of the three contraceptive progestins alone i

and in combination with mestranol on induction of drug metabolizing enzymes in
rats, mice and guinea pigs have recently been prepared for publication. These
data demonstrate that each of the three steroid combinations enhances the activii

of liver microsomal enzymes in rats and mice. The effect is attributable to
J

the progestin alone; the estrogen is not active alone and exercises no synergistj
or inhibitory effect with the progestins. The increase in liver microsomal

j

enzyme activity in mice and rats is not associated with an increase in microsomal
proteins or cytochrome P-i+50 content, parameters generally indicative of enzyme I

induction. A significant increase in microsomal enzyme activity is seen at '

dosages below those required for complete antifertility action in these species.

j

Effects in guinea pigs are quite different. Guinea pigs are very sensitive to
j

the antifertility action of the contraceptive steroids but no effects were seen
on microsomal enzyme activity in guinea pigs treated with effective antifertilit;
doses in this species or with the highest dosages tested in rats and mice.

Further investigations of the immunosuppressive effects of steroid contraceptive^
appear to indicate that immunosuppression occurs mostly at the level of the T

,

lymphocyte subpopulation, while B cells show loyer sensitivity to impairment by
these agents.

Significance to Biomedical Research and the Program of the Institute : This pro-
|ject is accumulating vast amounis of data on the comparative pharmacology of i

three contraceptive progestins. There has been great need for information of
this kind on the effects or lack of effects of these agents in a wide variety
of animal systems.

Proposed Course: It is expected that investigations along similar lines will be
continued for several years.
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Contract Title: A Comparative Study of Progestin Metabolism and Mechanism
of Action

Contractor: Pennsylvania State University NOl-HD-2-2730
Money Allocated: $365,932 (FY 1975 funds)

Objectives : This contract supports comparative studies of the metabolism and
biological effects of a series of progestational agents in monkeys, dogs, sheep,
rats and mice. Investigations are being conducted on progestin metabolic
clearance rates and effects of progestins on clearance of progestins, hepatic
steroid metabolism, extra-hepatic steroid metabolism in reproductive and non-
reprodxictive tissues, and biochemical parameters in various target tissues The
studies are being extended to man. The goal is to develop methods for predicting
the effects of chronic progestin administration in man by relatively short-term
studies in animals

,

Major Findings ; Studies on the metabolism of -'H-medroxyprogesterone acetate
(MPA) in normal rats and normal and androgen-insensitive mice have demonstrated
that MPA is not extensively metabolized and that it is concentrated in the nuclei
of kidney, submandibular gland, prostate and seminal vesicles. Competition
studies indicate that the androgen receptor is responsible for this nuclear
retention of progestins. Studies of effects on hepatic drug metabolism indicate
that the predominant effect of progestins in this tissue is stimulation of

hepatic microsomal activity and cytochrome P-450 content . No synandrogenic
or antiandrogenic actions of progestin have been demonstrated in liver, in

contrast to effects in kidney, preputial gland and submaxillary gland. In the

female reprodxictive tract and mammary glands, progestin action is known to be
mediated by a progestin receptor but in most other tissues progestin action is

mediated by the androgen receptor and in some tissues such as liver, progestins
act through an independent mechanism not involving either receptor.

Significance to Biomedical Research and the Program of the Institute : Results
of these investigations suggest new ways in which it may be possible to separate
antifertility actions of progestins from other undesirable effects and to

predict both types of actions by short-term biochemical studies in animal
tissues in which progestins act through different mechanisms.

Proposed Course : These studies are expected to be continued for several years
to complete comparative studies in a series of progestational steroids.
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Office of the Director, Center for Research of

Mothers and Children

The NICHD has proposed to establish a new Center for Research for Mothers and

Children (CRMC) as an extramural entity of the Institute which will incorporate

the programs currently administered under the Office of the Associate Director
for Extramural Programs (with the exception of the Adult Development and Aging
Branch) as well as new initiatives deriving from a current review of the NICHD
mission and program priorities. The new Center has been in the planning stages
throughout this fiscal year. Although final approval on the reorganization has

not been received as of this writing, staff of the Extramural Programs are
beginning to operate in this new structure. Major attention is now being
focused on the identification and organization of inter or cross-branch scien-
tific programs and collaborative research efforts directed toward ameliorating
significant health problems. The four major priority areas which have been
identified are:

1. High risk pregnancy, low birth weight
and infant mortality

2. Specific developmental disabilities
3. Developmental consequences of malnutrition
4. Prevention of mental retardation

The center will facilitate the coordination of the scientific expertise and
administrative talents of the three Branches in these areas, while simulta-
neously encouraging joint efforts with the Center for Population Research in
attacking these problems as well.

In previous years the activities of the Adult Development and Aging Branch
(ADAB) were covered under the Extramural Programs report. As mentioned last
year. Congress passed the Research on Aging Act of 1974 which was signed into
law on May 31, 1974, establishing the National Institute on Aging (NIA) . While
the Office of the Associate Director for Extramural Programs provided general
administrative supervision for ADAB during FY 1975, the Branch is rapidly
moving towards a separate entity which will become a part of the NIA. Thus,
ADAB programs are being discussed in the NIA report this year.

During FY 75, the research review committees were examined in terms of effi-
ciency and functions with a view toward streamlining their operations. At
the present time, the Maternal and Child Health Research Committee and the
Mental Retardation Research Committee are providing review for the PBIl-I, G & D
and MR Branches. The MCH Committee was somewhat under authorized strength
during the year since there were at least two vacancies throughout much of the
year and seven members, including the Chairman, completed their tenure by
June 30, 1975; the MR Committee functioned with a nearly complete membership
in FY 75, but three members have now completed their terms. Both committees
are being strengthened through careful selection of new members. The MCHRC
was i.axed with a particularly heavy workload during the past fiscal year. In
January, 1975, the Institute received a large number of institutional fellow-
ships (T-32) as part of the new training grant program. Twenty-nine T-32's
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for the G & D and PBIM Branches were assigned to the MCHRC for review. In

addition, the Committee provided review of two Mental Retardation grants

(which could not be reviewed by the MRRC because of conflict) as well as six

program projects assigned to PBIM and G & D. Compounding the difficulties

imposed by a new grant program with an inordinately large number of applications

was the departure of the Executive Secretary in February. Dr. Dayton, a

member of the G & D Branch staff, agreed to serve as Acting Executive Secretary

during this critical period while, continuing to carry out his regular Branch

responsibilities. Largely through his efforts and the help and cooperation

extended by the entire G & D professional and support staff, a successful

review was achieved. Toward the end of this fiscal year the decision was

made, in line with the overall Institute reorganization, to place the Executive

Secretary of MCHRC function in the Office of the Director, NICHD, with admin-

istrative supervision to be provided by the Deputy Director, NICHD.

Stringent personnel ceilings were again applied in FY 1975 with the added

burden of an employment freeze which lead to the loss of two positions. This

resulted in an authorized strength of only 37 full-time permanent positions

(including ten of ADAB) . Two professional staff members left the Extramural

Programs during FY 75:

Perinatal Biology and Infant Mortality Branch - Dr. T. Allen Merritt resigned

to accept a position with the University of California, San Diego. The
Branch is actively recruiting a pediatric medical officer.
Growth and Development Branch - Dr. Patsy Simpson transferred to the Laboratory
of Alcohol Research in the National Institute on Alcohol Abuse and Alcoholism.

It cannot be stressed enough that adequate manpower is essential to monitoring
established programs and is particularly critical for redirecting program
focus into new targeted grant and contract activities.

As in previous years, the uncertainty of funding until late in the fiscal
year taxed the ability of all responsible staff to administer these funds in

a sound and judicious manner. Detailed program planning in advance was also
made unnecessarily difficult under these budgetary conditions. It is hoped
that the new fiscal procedures to be implemented in the new fiscal year will
help in this regard.

During FY 75, NACHHD council reviewed in detail the grant, contract, training,
and forward planning activities of two Branches: PBIM and G & D. In these
reviews special attention was given to related activities in the Intramural
programs and to coordination of efforts with other concerned Federal agencies.

As a means of disseminating information to the scientific and medical
community and the public, assessing the current state of research efforts,
and providing ideas for possible new directions for future research, a wide
variety of workshops and conferences with resultant publications were spon-
sored this past year:
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Conferences and Workshops

Title of Conference

Perinatal Biology and Infant Mortality Branch:

Sudden Infant Death Syndrome - Approaches

to Implementation of the Sudden Infant

Death Syndrome Act of 1974

Research Planning Workshops on the Sudden

Infant Death Syndrome 10. Approaches to

Establishing Case Registers and Clinical
Trials

Sudden Infant Death Syndrome - Cardiores-
piratory Electronic Monitoring of Young
Infants in the Home

Research Planning Workshops on the Sudden
Infant Death Syndrome 11. Impact of Infant
Death on Parents and Siblings

Sudden Infant Death Syndrome - Current State
of Research Efforts and New Directions -

Workshop of NICHD SIDS Grantees and
Contractors

Date

August, 1974

September, 1974

October, 1974

May, 1975

June, 1975

Growth and Development Branch:

The Measurement of Outcome in the Care of
Children with Chronic Illness (co-sponsored
with the Fogarty International Center)

Physical Growth of Ethnic Groups Comprising
the U.S. Population

Thyroxine and Brain Development

May, 1974

February, 1975

April, 1975

Mental Retardation Branch:

Reye's Syndrome Conference

Reye's Syndrome Workshop on Research Needs

Genetic Counseling Conference

October, 1974

December, 1974

February, 1975
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Research Publications

Perinatal Biology and Infant Mortality Branch

Title and Year of Publication Author/Editor /Publisher

Intravenous Nutrition for High Risk
Infants

1975

R. Winter and E.G. Hasselmeyer
John Wiley and Sons
New York

Growth and Development Branch

The Biological Role of the

Immunoglobulin E System
1974

K. Ishizaka and D.H. Dayton
Government Printing Office

Nutrient Requirements in Adolescence
1975

The Role of Speech in Language
1975

The Phagocytic Cell in Host
Resistance

1975

Adolescence in the Life Cycle
1975

J. McKigney and H. Munro
M.I.T. Press

J. Kavanagh and J. Cutting
M.I.T. Press

J, A. Bellanti and D.H. Dayton
Raven Press
New York

S. Dragastin and G.H. Elder

Halsted Press Division
John Wiley & Sons , Inc

.

New York

Brain Function and Malnutrition
1975

J.W. Prescott, M.S. Read and

D.B. Coursin
John Wiley & Sons, Inc.

New York

Mental Retardation Branch

Language Perspectives — Acquisition,

Retardation and Intervention
1974

R.L. Schiefelbusch and

L.L. Lloyd
University Park Press
MacMillan Press Ltd.

Down's Syndrome (Mongolism: Research

Prevention and Management
1975

R. Koch and F. de la Cruz
Brunner/Mazel, Inc.

Details on these are incij-uded in the individual Branch reports that follow.
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NICHD Annual Report

July 1, 1974 through June 30, 1975

Perinatal Biology and Infant Mortality Branch

The objective of the Perinatal Biology and Infant Mortality Branch is the

promotion of a coordinated program of research and training which will enhance

understanding and development of knowledge as related to pregnancy and maternal

health, embryonic development, fetal growth, and infant well being through the

first year of life. Efforts are also directed toward reducing this country's
infant mortality rate, ameliorating infant morbidity, and narrowing the gap

between the identification of new knowledge and its incorporation into the

delivery of health care.

Program goals recognize the interrelationships of specific health and develop-
mental problems encompassed in the prenatal, perinatal, and infant periods of
life, and the effects that these events may have upon subsequent development
and well being of the child. Particularly relevant are those morbidity- and
mortality-related maternal health problems which affect fetal and infant health
status, problems with which the newly born infant must cope in his adaptation
to extrauterine life and subsequent survival and well being, and events occur-
ring during the period of hospitalization following birth which can influence
the subsequent behavior and development of the baby.

The Branch supports research and training concerned with various aspects of the
physiology of pregnancy, disorders of pregnancy, placental function, immunologic
phenomena, developmental biology, biochemical processes or embryonic and fetal
growth, biophysical and biochemical antenatal and intrapartum diagnostic pro-
cedures, the process of labor and delivery, and genetic, pharmacologic, toxic,
and infectious processes and influences which can affect the mother and fetus.
Primary attention in the area of infant survival and well being emphasizes
respiratory function, metabolic processes, thermal regulation, immunology and
blood dyscrasias, infectious diseases, congenital malformations, and the sudden
infant death syndrome.

The Perinatal Biology and Infant Mortality Branch is organized into four broad
program areas: Pregnancy and Maternal Health, Developmental Biology, Fetal
Health and Development, and Infant Survival and Well Being. These program
areas are under the supervision of two health scientist administrators who are
responsible for the administration of research grants, training grants, career
awards, fellowships, and contracts in each program area.

The Branch is responsible for the supervision and administration of approxi-mately 16 percent of the Institute's extramural holdings, totalling about 564
grants and contracts and amounting to about ^:2().9 nuUion dollars. The totalprogram holdings, according to program sections, are shown in Table I. Approxi-

Tnrl' I .TTT °f
'^" ^'""' ^°"'"^^ ^'^ concerned with training supportin the field of developmental biology and clinical perinatology
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Selected scientific accomplishments foi- each of the four program areas are high-
|

lighted in the following paragraphs.
i

Pregnancy and Maternal Health
|

The Pregnancy and Maternal Health Area supports studies pertaining '

to normal and abnormal physiologic factors which influence the gravida state
j

during the antepartum, intrapartum, and puerperium periods. Information is I

sought about the role of the cardiovascular system, respiratory system, endo- ^

crine glands, and genitourinary tract in pregnancy and their involvement in

abnormal conditions during pregnancy. These include such conditions as toxemia,
diabetes, hypertension, malnutrition, isoimmunization, viral and bacterial
infections, blood dyscrasias, anemia and other hemorrhagic phenomena associated
with pregnancy. The program is also concerned with placental function, factors
involving the maintenance of pregnancy, the initiation of labor, the impact of

common pollutants, drugs and anesthetics on the mother and intrauterine condi-
tions and the psychosocial dynamics of pregnancy.

Scientific accomplishments achieved as a result of NICHD grant support are
highlighted in the following paragraphs.

Studies on pregnancy-associated plasma protein have so far identified the
existence of four plasma proteins during the second and third trimesters of j

normal gestation. Dr. T. M. Lin and his research team at the University of |

Miami School of Medicine found that the biological functions of each plasma
protein is different and the increasing rate during pregnancy also varies.
Ihey indicated that the concentrations of these plasma proteins can be used I

as indicators correlated with such factors as weight of the newborn, sex of i

the fetus, maternal age, parity, and race. I

The transfer of hydrophobic materials across the placenta and how fetal needs
;

are met continue to be a clinical concern. Dr. J. Dancis and his research team
at the New York University School of Medicine studied the medium and short chain
fatty acids. Results indicated that absorption and metabolism differ signifi-
cantly in the more usual dietary fat constituents, the long chain triglycerides.
In addition, the ability of compounds to penetrate membranes was related to the
lipid solubility. The change in molecular size may influence transfer rate.

Analysis of placental physiology, particularly in regard to drug metabolism and
i

enzymatic functions requires identification of specific fractions within the
cell. Dr. M. R. Juchau and his research team at tjie University of Washington
School of Medicine, using marker enzymes in combination with electron microscopy,
found that a mixed function oxidase system exists in the endoplasmic reticulum
of human placental cells. These observations were supported by eleccron micro-
graphs of membranous components in the homogenate subfractions. i

Developmental Biology

The Developmental Biology area encourages strategic approaches to prenatal
and neonatal health problems through support of fundamental research concerned
with developmental events.' Problems at organ, tissue, cell and molecular levels
relating to low birth rate, prematurity, susceptibility to infant death and
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congenital malformations in the human infant are pursued. Attention is directed
both to investigations with mammals and to other animal model systems which
afford distinct advantages for the study of development from conception through
embryogenesis and into the first year of life. Major areas of research include
morphogenesis, pattern formation, developmental immunology, the genome in

development, organization of the cell, developmental endocrinology, and envi-
ronmental impact on development.

Scientific accomplishments by investigators whose research is supported by the
Developmental Biology program area follow.

Recently it has been possible to induce or transfer enzyme activity by trans-
plantation of strains of malignant cells into intact animals. However, trans-
plantation of viable neoplastic tissue is hazardous and holds little promise of
a direct clinical application. Dr. Ronald G. Davidson and co-workers from State
University of New York at Buffalo, have developed techniques in which normal
tissue can be grafted into the tissue of animals genetically deficient in an
enzjnne necessary for the metabolism of bilirubin in jaundiced newborns. These
experiments, carried out with liver tissue in rats, will be intensely pursued
to develop applications for the clinical treatment of the Crigler-Naj jar
Syndrome.

Modifications in the cellular environment strikingly alter the early differenti-
ation of bone. Recent studies by Dr. James W. Lash and co-workers of the
University of Pennsylvania showed a pronounced impact on early somite develop-
ment as a result of manipulation of the potassium concentration. Information
such as this on factors modifying very early bone differentiation contributes
to understanding of aberrant development that results in malformed limbs.

In spite of extensive study, evidence of value for the prevention of growth
defects has been lacking. Dr. Jack Lilien and colleagues at the University of
Wisconsin reported a new assay for tissue type specific adhesive molecules.
Macromolecular components derived from cultures of different cell types bound
specifically to the corresponding cell type. This demonstration of the exist-
ence of tissue type specific cell surface receptors provides a basis for chemical
analysis of the binding properties necessary for the elucidation of the causes
of some congenital malformations.

Recently developed methods of nuclear transplantation in lower animals make
accessible for the first time the quantitative study of factors influencing
development at very early embryonic stages. Dr. H. A. Schneiderman and co-
workers at the University of California have demonstrated that factors in
specific regions of the embryo induce germ cell formation when transplanted
to another embryo. The cytoplasmic factors are under further investigation.
The techniques employed open intriguing possibilities to assess the capacities
of somatic nuclei for normal or abnormal development, as well as for analysis
of the effects of specific mutations.
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Fetal Health and Development

This program area is concerned with basic problems related to normal and abnormal

development at tissue and organ levels. Research support continues to focus on

areas pertaining to normal embryonic development and to specific environmental

hazards or events of a pathophysiologic nature detrimental to the growth of the

fetus. Attention is given to nutritional, metabolic and other physiological

sequences, immunologic factors, and pharmacological interrelationships between

the mother and the developing fetus. Basic genetic, biophysical, and biochemical

investigations are considered imperative, not only as a basis for assessing the

fetal state, but also for meaningful antenatal diagnosis. As the placenta is

the vital link between the mother and the fetus, investigations on the functional

role of the placenta, particularly on feto-placental hemodynamics, feto-maternal

gas exchange, and placental transfer of nutrients and drugs continue to be areas

of interest. Research accomplishments for the past fiscal year are highlighted
in the following paragraphs.

The effects of environmental agents on prenatal development and on postnatal

life deserve increasing attention because most available information deals with

morphologic and chemical growth in experimental animal systems. Dr. T. H. Shepard

of the University of Washington made systematic comparisons of the estimated ges-

tational age and crown-rump length of early human embryos. These included foot

length and weight studies which provide a marked gradation to show normal and

pathologic human embryonic development.

Electron microscope studies show that the rise in enzyme activities was supported
by striking changes in the number and structure of the cristae of the embryonic
heart mitochondria. Dr. G. J. Bargman and his research team of the University
of Washington, found that the ability of mitochondria to carry on oxidative
phosphorylation are fully developed in rat embryos of day 11 to day 14.

Premature induction of DPNH oxidase in the day 11 embryos did not result in
gross changes in growth or development of the embryo-fetuses.

Sex steroids such as testosterone were reported as affecting the differentiation
of the central nervous system. Dr. J. A. Resko of the Oregon P^egional Primate
Research Center found that testosterone and progesterone interact to effect
differentiation of the central nervous system in primates. In addition, both
sex steroids also influenced sexual behavior and the release of gonadotropins.

Infant Survival and Well Being

This program area is concerned with the postnatal period from birth to one year
of age. Investigative efforts focus on the problems of the low birth weight
infant. These infants born prematurely or after longer than 37 weeks gestation,
weigh less than 5 1/2 pounds and account for more than 70 percent of neonatal
deaths. Basic and clinical studies to prevent and improve therapy for conditions
such as asphyxia, acidosis, respiratory distress, hypoglycemia, hyperbilirubin-
emia, hemolytic disease, and newborn infections are supported. Physiological,
biochemical and behavioral approaches are employed. Cardiovascular, respiratory,
thermodynamic and metabolic changes associated with crucial adjustments are
examined to improve the well being of the infant.
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Management of the pregnant woman with premature rupture of fetal membranes

poses problems for the obstetrician not only in the prevention of infection

to both mother and fetus but also in combating the greater hazard of respira-

tory distress in the premature infant. Recent investigations by Dr. Louis Gluck

and co-workers at the University of California confirmed that prolonged rupture

of the membranes exerts an accelerating effect on fetal lung maturation indepen-

dent of the gestational age or birth weight. The accelerated maturation results

in a decrease in occurrence of the respiratory distress syndrome. Factors
associated with the prolonged rupture of the membranes which tend to accelerate
fetal lung development are as yet undefined. In other studies by these investi-
gators, physical fitness in pregnancy and its effect on the pregnancy outcome
was assessed. No significant correlations were found with maternal physical
fitness, length of gestation, complications of pregnancy, length of labor in

primaparas, one minute Apgar score, infant birth weight, infant length and

infant head circumference.

Agar feeding has been used in treatment of hyperbilirubinemia to enhance
removal by the gut of the water-soluble conjugated bilirubin. Dr. Gerald Odell
of Johns Hopkins University is currently investigating the mechanism of the
absorption of the bilirubin by agar. Elucidation of the binding properties is

sought in order to develop specific absorbents and increase therapeutic effec-
tiveness.

Sudden Infant Death Syndrome

During the past year, the Perinatal Biology and Infant Mortality Branch continued
its efforts to expand the Institute's sudden infant death syndrome program (SIDS)

.

This program is a broadly based operation of research to further understanding
of underlying mechanisms of the syndrome, to determine the etiology, to identify
infants at risk of becoming victims, to explore preventive approaches, to inform
the scientific and lay communities and to stimulate scientists to direct investi-
gative efforts toward the solution to this complex biomedical problem. In other
aspects of the SIDS program, support is provided for interdisciplinary conferences
and workshops concerned with SIDS, and scientific and public information documents
are prepared and distributed.

The Institute's seven emphasis areas for SIDS research continue to receive major
emphasis. These include: (1) developmental neurophysiology with particular
emphasis on sleep patterns and associated autonomic disturbances which may
interfere with vital functions; (2) respiratory-cardiovascular responses to
stimuli; (3) developmental aspects of heat production, thermal regulation, and
relevant ambient conditions; (4) abnormal perinatal development of immune
response mechanisms; (5) psychological stresses experienced by parents and
siblings; (6) epidemiology; and (7) anatomic pathology.

The Institute currently supports 109 SIDS related research projects. This
includes 25 primary SIDS grants and contracts and 84 grants and contracts for
SIDS subsidiary studies. FY 1975 support approximated $5.3 million.
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A number of important new findings about SIDS have been made during the last
|

fiscal year. It has been shown that periodic cessation of breathing (apnea)
in infants during sleep and associated changes in heart rate are part of a

'

developmental pattern that occurs during the early months of life. It has also
j

been observed that the frequency and duration of apneic episodes during sleep '

are influenced by factors associated with the infant at high risk for SIDS such !

as low birth weight, shortened gestation, and mild upper respiratory infection.
j

Studies in kittens revealed that periods of apnea occur during sleep. When
the infant animals were deprived of sleep, the frequency of apneic episodes in j

a subsequent sleep period markedly increased. Continuous periodic cessation of i

breathing, such as occurs during sleep apnea, can affect availability of oxygen
to tissues. One grantee has, by examining lung tissue of infants who died from i

SIDS, shown abnormalities in the thickness of the muscle mass surrounding the 1

small pulmonary arteries. This observation is indicative of a persistent chronic i

lack of oxygen to the area; this oxygen lack may be the result of prolonged
periods of apnea during sleep. i

During the past year, SIDS was part of the Department and National Institutes of
Health Operational Planning Systems (OPS) . As part of OPS, the Branch sponsored
the following: (1) three lectures in an ongoing series entitled "New Research j

Perspectives in SIDS, 1974-1975; (2) two research planning workshops entitled j

Approaches to Establishing Case Registers and Clinical Trials , and the Impact 1

of Infant Death on the Parents and Siblings . The latter workshop was held in

collaboration with the National Institute of Mental Health; (3) a meeting on
approaches to implementation of the Sudden Infant Death Syndrome Act of 1974,
P.L. 93-270, attended by representatives of the DHEW Interagency Panel on the I

Sudden Infant Death Syndrome, scientists, and concerned individuals; and 4) a /

meeting of all NICHD grantees and contractees. The purpose of this meeting was
to give Institute supported SIDS investigators an opportunity to discuss current
findings, exchange information, and identify new emphasis areas and directions
for SIDS research.

The PBIM Program Director and the Acting Associate Director for Program Planning
and Evaluation continue to serve as co-chairpersons of the DHEW Interagency
Panel on SIDS. The Panel fosters communication among the member agencies and
coordinates federal activities related to SIDS. Program staff have also continued
to work, with the National Center for Health Statistics, for the inclusion of
a specific category for sudden infant death syndrome in the ninth edition of
the International Classification of Diseases.

Foreign Country Activities ^

PL-480 Program : The PBIM Branch administers two PL-480 research projects in
Yugoslavia (Drs. S. Milkovic and M. Skreb). PBIM will participate in two collab-
orative research programs, namely U.S. -Poland and U.S. -India, which are in the i

planning stages.

Conferences and Publications

In addition to the conferences and workshops on the problem of SIDS, the Branch
provided partial support for the Perinatal Research Society's annual inter-
disciplinary conference.
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Program staff prepared a document, Infant Morbidity and Mortality : A Program
for Prevention , for the consideration of the National Advisory Child Health
and Human Development Council at its meeting on March 24, 1974. This document
described the current research efforts administered by the Branch. It also
proposed a restructuring of the Branch programs to give more emphasis to inves-
tigations of clinically related problems of pregnancy and infancy, including
the problem oriented health areas of high risk pregnancy, fetal pathophysiology,
labor and the birth process, newborns at high risk, congenital malformations
and the sudden infant death syndrome.

Other Branch publications include:

Winter, R. and Hasselmeyer, E.G., Intravenous Nutrition for High Risk
Infants , New York, John Wiley and Sons, 1975, 497 pp.

Hasselmeyer, E.G., and Hunter, J.C.: The Sudden Infant Death Syndrome.
In Wjrnn, R. (Ed.): Obstetrics and Gynecology . New York, Appleton Century
Croft, 1975, pp. 213-256.

Hasselmeyer, E.G.: An Introductory Overview. In Robinson, R.R. (Ed.):
SIDS 1974 : Proceedings of the Francis E. Camps International Symposium
on Sudden and Unexpected Deaths in Infancy. Toronto, Canada, The Canadian
Foundation for the Study of Infant Deaths, 1975, pp. xv-xx.

Ten documents derived from Branch supported conferences and workshops are
in the process of publication.

Personnel

The PBIM Program is assigned four professional positions, one secretary, one
clerk stenographer, one clerk-typist, and a part time clerk typist who serves
as a grants clerk. Three of the professional positions are staffed with persons
holding Ph.D. degrees. The program is actively recruiting a pediatric medical
officer.

In FY 74, one NIH Grants Associate worked in the Branch for four weeks. The
Branch participated in the NIH Upward Mobility Program. One stay-in school
student has worked in the program for the past three years. Two secretaries
are currently enrolled in the NIH Federal City College Program, and the part
time clerk typist attends Montgomery College part time for his AA degree.
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NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Perinatal Biology and Infant Mortality Branch and

Epidemiology Branch

Contract and Collaborative Research

Contract Title: Development of Sleep and Cardiopulmonary Regulations within

Sleep: Clinical Studies of a Functional Mechanism for Risk

of Sudden Infant Death

Contractor: University of Southern California

Money Allocated: $325,915 (November 1, 1974 to September 30, 1975)

Objectives: To describe the early maturation of sleep "states" and

cardiopulmonary function during the various "states" in groups of newborns

at high and low risk of the Sudden Infant Death Syndrome (SIDS)

.

Summary : Large amounts of physiological data will be used to evaluate the

early maturation of sleep "states" and cardiopulmonary function during the

various "states." Study groups will be selected as follows: 1) Subsequent
siblings of SIDS cases, and 2) Health, "normal"newborns . All study
subjects will be monitored during labor and approximately once each month
during the first six months of life. The subsequent-sibs and low-risk
subjects will also be monitored for one 12-hour period during the last
trimester of pregnancy. Each monitoring session will last 12 hours and
about 12 physiologic variables will be continuously recorded throughout
the session.

This contract will be oriented exclusively toward data collection.

Progress : Data collection is on schedule and is projected to end by March 76.

Significance to Biomedical Research and Program of the Institute : At the
present time the etiology of SIDS is quite unknown and considered new approaches
must be attempted. This project is based on the knowledge that a very high
proportion of SIDS events occur during periods of sleep. The working hypothesis
is that extreme lability in the autonomic regulation of cardiopulmonary function
during REM (active, rapid eye movement) sleep contributed a causal element
common to nearly all SIDS events.

Proposed Course : Renewal for planned three year effort is anticipated. Tlie

planned termination date for this project is March 1976.

Project Officer : Charles R. Stark, M.D.
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NICHD Annual Report

July 1, 1974 through June 30, 1975

Perinatal Biology and Infant Mortality Branch and
Epidemiology Branch

Contract and Collaborative Research

Contract Title: Analysis of State Integration and Related Cardiopulmonary

Functions in Infants at High and Low Risk for the Sudden

Infant Death Syndrome

Contractor: University of California at Los Angeles

Money Allocated: $327,600 (October 1, 1974 to September 30, 1975)

Objectives: To describe the early maturation of sleep "states" and

cardiopulmonary function during the various "states" in groups of newborns

at high and low risk of the Sudden Infant Death Syndrome.

Summary: Large amounts of physiological data will be used to evaluate the

early maturation of sleep "states" and cardiopulmonary function during the

various "states" in l]subsequent siblings of SIDS cases, and 23healthy,

"normal" newborns. All study subjects will be monitored during labor and

approximately once each month during the first six months of life. Each

monitoring session will last 12 hours and about 12 physiologic variables
will be continuously recorded throughout the session. The subsequent-sibs
and low-risk subjects will also be monitored for one 12 hour period during
the last trimester of pregnancy. In addition, oxygen-deprivation experiments
in kittens will test Dr. Richard Naeye's hypothesis that chronic oxygen
deprivation is a contributing factor in SIDS etiology.

Progress : Data analysis is in the production phase and various tentative
high- and low-risk neurophysiologic differences are being revealed.

Significance to Biomedical Research and Program of the Institute : This
project is based on the knowledge that a very high proportion of SIDS events
occur during periods of sleep. The working hypothesis is that extreme
liability in the autonomic regulation of cardiopulmonary function during REM
(active, rapid eye movement) sleep contributed a causal element common to
nearly all SIDS events.

Proposed Course : Renewal for planned three year effort is anticipated The
planned termination date for this project is September 1976.

Project Officer: Charles R. Stark, M.D.
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Perinatal Biology and Infant Mortality Branch and

Epidemiology Branch

Contract and Collaborative Research

Contract Title: A Study of Monozygous and Dizygous Twins to Ascertain
Possible Neurophysiologic Factors for the Sudden Infant

Death Syndrome

Contractor: Boston University

Money Allocated: $180,900 (August 1, 1974 to July 31, 1975)

Objectives: Epidem.iologic evidence suggests that genetic factors are not

important in SIDS etiology. To corroborate and/or extend this epidemiologic

inference, the present study will: 1) test specific hypotheses about the

extent of genetic or environmental control over variables which may be

involved in SIDS etiology, and 2) test specific hypotheses about the extent

of genetic or environmental control over the ontogeny of variables which may

be involved in SIDS etiology.

Significance to Biomedical Research and Program of the Institute : Stud)
|

results should provide evidence about the extent to which the various factors
I

under study are under genetic or environmental control. As the variables

under study have been implicated in SIDS etiology, study results should
j

provide a rational basis for selecting variables which can be manipulated to

prevent SIDS. If behavior (Sander) bed recordings reliably and validly
register polygraphic activity, this device could provide relatively inexpensive

screening for high SIDS risk as well as less expensive further research.

Progress : The data show that sleep cycles after the first each night affect

study variables differently than the first sleep cycle. Genetic versus

environment inferences must be deferred until a larger number of monozygous
twins has been studied. Sander bed results have been very encouraging.

Before the current contract year ends, it is expected that the bed will be

fully capable of high quality monitoring of 1) gross somatic movement, 2)

cry, 3) intervention by mother, 4) heart rate, and 5) respiratory rate.

Processing of Sander bed data has been completely automated, and by the end

of the contract year it should be possible to deijionstrate savings in Sander

bed data processing compared with polygraphic data processing.

Proposed Course : It is planned that contract support of this project will

end September 1976.
(

Project Officer: Charles R. Stark, M.D.
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Perinatal Biology and Infant Mortality Branch and

Contract and Collaborative Research

Contract Number: NOl HD 74-2817

Contract Title: Proposed Analysis of a Major Cause of the Sudden Infant

Death Syndrome

Contractor: Pennsylvania State University
Hershey, Pennsylvania

Money Allocated: No additional money was added for FY 75

Objectives: The purpose of this study is to investigate five post-mortem

parameters that reflect ante-mortem chronic alveolar hypoxia (including

apneic spells). Victims of the sudden infant death syndrome and age matched

controls of other infants dying from unrelated causes will be used. The

right ventricle of the heart, small pulmonary arteries, carotid body, bone

marrow and renal glomeruli will be studied by qualitative and quantitative

neurohistology. The glial fibrils, astrocytes, astroglia, microglia, and

oligodendroglia will be examined in areas known to be respiratory centers.

Neural synapses in the reticulo-spinal tract will be quantified.

Findings : Material from 71 SIDS cases, 13 trauma controls and 17 disease

controls have been collected. All of the analyses on these cases are at

various stages of completion. A second neuropathologist has been added

to the project to speed the analysis of findings. Collection of control

samples continues.

Significance to Biomedical Research and Program of the Institute : Previously

sudden infant death syndrome was a diagnosis of exclusion by post-mortem
examination. Intrathoracic petechiae, pulmonary edema, and occasionally
signs of pre-morbid distress were found. All of these findings were non-

specific and did not suggest any etiology for the sudden death of the infant.

Preliminary analysis of quantitative determinations of the parameters studied

in this proposal indicate a mechanism may be active in sudden infant death
syndrome that is common to other known disease processes, namely chronic

hypoventilation. Studies are planned to test thf hypothesis that chronic

hypoventilation, rather than an acute process, results in the death of

infants from SIDS.

Proposed Course: Acquisition of sample, analysis of data; identification of

previously unrecognized pathologic conditions which may be suggestive of

mechanism of etiology and death.
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Perinatal Biology and Infant Mortality Branch and
Epidemiology Branch

Contract and Collaborative Research

Contract Number: NOl HD 4-2810

Contract Title: Analysis of State Integration and Related Cardiopulmonary
Functions in Infants at High and Low Risk for the Sudden

Infant Death Syndrome

Contractor: University of California
Los Angeles, California

Money Allocated: $327,600 (October 1, 1974 to September 30, 1975)

Objectives: To describe the early maturation of sleep "states" and cardio-

pulmonary function during the various "states" in groups of newborns at high ,

and low risk of the sudden infant death syndrome (SIDS)

.

i

Summary : In infants at high and low risk for SIDS, large amounts of physio- i

logical data will be collected and used to evaluate -the early maturation of '

sleep "states" and cardiopulmonary function during the various "states". The
study groups will include subsequent siblings of SIDS cases and healthy,

|

"normal" newborns. CAll study subjects will also be monitored for one 12-hour
I

period during the last trimester of pregnancy.) Each monitoring session will !

last 12 hours and about 12 physiologic variables will be continuously recorded
|

throughout the session.

In addition to analyses of the human data oxygen-deprivation experiments will
}

be performed in kittens as a test of the hypothesis that chronic oxygen
deprivation is a contributing factor in SIDS etiology.

This project will be oriented toward analysis of the human data and the kitten
experiments.

Progress: Data analysis has proceeded in the production phase and the
Contractor continues to fulfill the terms of the workscope. Various tentat-
tive high- and low-risk neurophysiologic differences are being revealed by
the data analysis. These results will be reported at the 1975 International
Society of Sleep Research meetings in Scotland.

Significance to Biomedical Research and Program of the Institute : A high pro-
portion of SIDS events occur during sleep. The hypothesis is that lability
in the autonomic regulation of cardiopulmonary function during REM sleep contrl
utes a causal element common to nearly all SIDS events. To achieve progress in
elucidating the cause of SIDS, the Institute must open new avenues of research.

Proposed Course : Funding for the period of October 1, 1975, through March 31,
1976 is anticipated.
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Perinatal Biology and Infant Mortality Branch

Contract and Collaborative Research

Contract Nimber: NOl HD 3-2768

Contract Title: Sudden Death in Cats: A Spontaneously Occurring Model

for Sudden Infant Death Syndrome (SIDS) in Man

Contractor: Washington State University
Pullman, Washington

Money Allocated: $167,000 (March 1, 1975 to February 28, 1976)

Objectives : The objective of this study is to develop an animal model for

study of the sudden infant death syndrome (SIDS) . Kittens will be used to

develop lines which show high and low incidence of acute and unexplained

death between two weeks and four months of age. Predictive parameters will be

sought. Standards for rest and activity, body temperature, birthweights,

serum components, trace elements, electrocardiograms and morphometric analysis

of pulmonary vasculature will be determined. The number of high incidence

lines will be increased. The bacterial and viral flow in the sudden infant

death susceptible colony will be monitored to determine the relationship of

viral agents to SlDS-like and other deaths. Trace element deficiencies in

relationship to sudden infant death will be studied in relation to resting

and activity behavior of the kittens and appropriate controls on a 24-hour

basis. Electrophysiologic studies will be conducted. Pathological examina-

tion to determine the cause of death will continue to follow an established

postmortem protocol and include morphometric analysis of pulmonary arteries.

Findings : Five lines of cats (high white, high spotted, low tabby and random

bred line) have been developed and maintained to characterize and compare the

incidence of SIDS-like deaths. Four of the strains are based on retrospective
analysis of data in a large colony of cats which indicated that identifiable
matings result in high and low incidence of mortality of unknown cause in

the off-spring. Criteria for identification of SIDS-like deaths include
sudden unexpected deaths between two weeks and four months of age with no

gross or histologic lesions attributable to the cause of death. Breeding
stocks were selected that are representative of each of the four lines plus
acquisition of a fifth random bred line. So far, a small number of deaths
which fit the criteria for classification as a SIDS kitten in the colony have
been identified.

Significance to Biomedical Research and the Program of the Institute : The
availability of genetic lines of cats which produce kittens susceptible to

SIDS-like death will accelerate experimental study of the causes of SIDS. No

such genetic animal model has heretofore been produced.

Proposed Course : Future renewals will be dependent upon the ability of the

contractor to demonstrate that the kitten is an animal model for SIDS.
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Perinatal Biology and Infant Mortality Branch
Contract and Collaborative Research

Contract Number: NOl HD 3-2772

Contract Title: Development of Animal Model for Studies of Sudden
Infant Death Syndrome (SIDS)

{
Contractor: University of Oxford

Nuffield Institute of Medical Research
Oxford, England

Money Allocated: $72,233 (February 1, 1975 to January 31, 1976) !

i

Objectives: The purpose of this project is to develop and test an animal model
|

for study of the sudden infant death syndrome (SIDS) , using the Iamb and the

kitten, with emphasis on autonomic mechanisms which interfere with spontaneous i

breathing. A detailed examination of the relationship between swallowing and '

breathing in the developing animals as well as the relation of reflex apnea
j

to a decisive arrest of breathing and sudden death will be performed. Specific!

studies will be done on: (1) single unit analysis of the superior laryngeal
nerve (SLN) ; (2) the relationship between swallowing and breathing; (3) long

term monitoring of breathing, swallowing, blood pressure and heart rate in

relation to development, sleep state, metabolic and endocrine studies in lambs.

i

Findings : The major thrust of the project was the definition of intervening I

variables and mechanisms of action in relation to experimentally induced apnea
j

in newborn and infant lambs. Apnea was achieved by stimulation of the SLN with
a variety of irritating agents. Evidence gathered strongly suggests that the

\

nature of the ions and ionic concentration are principle factors in active
;

stimulation of the SLN to produce apnea. Sodium chloride and lithium chloride
do not stimulate the SLN, nor does amniotic fluid. Ewe's milk stimulates
moderately and cow's milk strongly, independent of osmolarity and temperature.

|

A variety of other substances, such as K, CI, and NaHCO^, produce apnea. Kitteni

were more resistant to water SLN stimulation. In comparison, infant rabbits
were extremely sensitive to intranasal stimulation (75% mortality at 9-21 weeksj

with an age-trend that appears more analogous to the human than does the lamb. '

Significance to Biomedical Research and the Program of the Institute : The
animal species selected are particularly appropriate in that there is already
a large and growing body of physiological information relating to them, much of!

it with reference to comparative data on the human fetus and newborn infant.
This body of data and the combination of systems and parameters to be studied
will greatly augment the utility of the lamb and kitten models in the ^
elucidation of the etiology of SIDS.

Proposed Course : Additional funds are anticipated for the period February 1,

1976, through July 31, 1976. Continuation of this project after July 31, 1976,

will be contingent upon the progress made during the current period.
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Perinatal Biology and Infant Mortality Branch
Contract and Collaborative Research

Contract Number: NOl HD 4-2862

Contract Title: Developmental Histology and Cytology of the Mucosal
Sensory Receptors of the Larynx and Nose

Contractor: Pennsylvania State University
Hershey, Pennsylvania

Money Allocated: $58,832 (June 30, 1974 to June 29, 1975)

Objectives: To evaluate the differentiation of sensory receptors within the

pharyngeal complex in embryonic, newborn, and one to two month old Rhesus

monkeys using both light and electron microscopy comparing these developmental

periods with the adult; to characterize mucosal and skin receptors within the

pharyngeal complex in embryonic, fetal, and infant human cadaver specimens

according to stage of development.

Findings: The epithelium of the adult rhesus monkey lying in the posterior

aspect of the epiglottis is not only richly innervated but appears to be unique

in many respects. The epithelium is not respiratory but contains specialized

cells stratified in constant and intimate relationship with large diameter

nerve fibers. The specialized pattern of innervation appears to differentiate
very early during embryonic development in the monkey and, in specimens studied

to date, in the perinatal animal this pattern is virtually mature in every

respect

.

Significance to Biomedical Research and Programs of the Institute : Very little

information is available about the peripheral sensory endings in a full term

or premature infant. Knowledge of the sequence of differentiation and nature

of specific sensory receptors in the nasal and pharyngeal areas in Rhesus

monkeys advance the utility of this primate model for investigations of physio-

logic function in relation to specific sensory receptors. Description of

maturational sequences and histological characterizations is prerequisite to

recognition of potential abnormalities of the somatosensory system that could

be implicated in sudden infant death syndrome.

Proposed Course : Funding for two additional years^is anticipated.
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Perinatal Biology and Infant Mortality Branch

Contract and Collaborative Research

Contract Number: NOl HD 4-2868

Contract Title: Histological Development of Upper Airway Receptors in

Fetal and Neonatal Sheep

Contractor: University of Michigan
Ann Arbor, Michigan

Money Allocated: $50,800 (June 50, 1974, to June 29, 1975)

Objectives : The purpose of the study is to determine the time of appearance
of morphological changes and the number and distribution of upper airway receptors
in fetal and neonatal lambs, and to make comparisons with adult sheep; to char-
acterize the superior laryngeal nerve at selected time periods in the develop-
ment of the fetus, newborn, and infant lamb; and to describe the maturation of
the nerve supply to the larynx.

Findings : Numerous receptors especially concentrated around the nasopharyngeal
opening have been found on the soft palate of the f^tus . This preliminary
result demonstrates the presence of a significant number of nerve endings in
the region where buds have also been described in a human newborn. No taste-
buds were found on the anterior aspect of the soft palate or on the hard palate
of the fetal sheep. Tastebuds were not found on the anterior or posterior
aspect of palates in young adult sheep. Tastebuds seen in the fetus disappear
at some point in development either by redistribution or by selective degen-
eration. The finding that the receptors apparently disappear is suggestive of
some specific function early in life which is no longer required in later life.

Significance to Biomedical Research and Program of the Institute : Morphological
definition of neural receptors of the upper airway in the developing sheep will
increase the precision of physiological investigations utilizing this animal
model in studies relevant to sudden infant death syndrome.

Proposed Course : Funding for two additional years is anticipated.
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Perinatal Biology and Infant Mortality Branch

Contract and Collaborative Research

Contract Number: NOl HD 4-2870

Contract Title: Infant Primate Upper Airway Anatomy and Physiology

Contractor: Virginia Mason Research Center
Seattle, Washington

Money Allocated: $102,847 (June 30, 1974 to June 29, 1975)

Objectives: To determine in monkeys, of gestational ages from 144 to 165 days,

the developmental distribution of the carbon monoxide response, ' the diving re-

flex, and obligate nose breathing, and to carry out acute studies to assess
upper airway resistance and characterize resistance changes.

Findings: Preliminary data have been collected on respiratory rate, and blood
pressure in infant monkeys. Methods have been developed for reflex testing and
analysis. Basal physiologic variables have been observed and studies begun on
the effects of laryngeal nerve stimulation with changes in breathing gas com-
position.

Significance to Biomedical Research and the Program of the Institute: Patho-
logical evidence suggests that upper airway disturbance may be a factor in more
than half of the sudden infant death syndrome cases that have been autopsied.
Since study did not reveal gross abnormalities nor the presence of foreign ma-
terial obstructing the airway in the victims, laryngeal constriction or spasm
in conjunction with other events may be conducive to the syndrome. A number
of current concepts of the etiology have in common a deficiency in reflex coor-
dination in the upper airway. The use of the sub-human primate is indicated
as an experimental model because of general developmental and system parallels
with the human and because in this primate there is presumptive evidence of the
occurrence of the sudden infant death syndrome. A close resemblance exists
between human and nonhuman primate laryngeal musculature.

Proposed Course : Funding for two additional years is anticipated.
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Perinatal Biology and Infant Mortality Branch

Contract and Collaborative Research

Contract Number: NOl HD 5-2812

Contract Title: Neural Mechanisms Involved in the Function of the Upper

Respiratory Tract

Contractor: University of Toronto
Toronto, Canada

Money Allocated: $44,813 (November 1, 1974 to October 31, 1975)

Objectives: To characterize the effects of stimuli delivered to the upper

respiratory tract and adjacent regions on neurons of the caudal brain stem which

are concerned with the respiratory function in adult cats and in kittens in the

age range of one to five weeks to determine if there is any difference in the

pattern of respiratory neural susceptibility to laryngeal -pharyngeal feedback.

Findings: Preliminary study has been made of cell discharges in theregionof the

solitary tract of cats showing bursts of activity in phase with respiration.

Similar experiments have been initiated in the kitten. Some cells are subject

to feedback from the airway while others are not. Studies continue on cells

which are inhibited uniquely by superior laryngeal nerve stimulation at inten-

sities which produce apnea but not swallowing in the unparalyzed animal. Some

animals are much more prone to apnea than others.

Significance to Biomedical Research and the Program of the Institute : Certain

characteristics of the sudden infant death syndrome that have been described

strongly suggest that maturational failures in brain stem neurons particularly
those involved in respiration, may contribute significantly to the occurrence
of the fatalities. Factors associated with maturation, such as neuron suscep-

tibility to sensory feedback from upper respiratory tract areas, may influence
the vulnerability of the neonatal kitten to apnea resulting in sudden death.

Definition of the period when a kitten is most susceptibile to feedback from

the upper respiratory tract will enable studies to proceed on the effects of
sleep and of other factors that increase receptive sensitivity leading to in-

creased vigor of the apneic response or increased duration of the period of

vulnerability. Knowledge of factors which alter the thresholds of laryngeal
receptors initiating apnea will be applicable to t^e development of an innocuous
screening device to identify human infants at risk to SIDS.

Proposed Course : Funding for two additional years is anticipated.
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Perinatal Biology and Infant Mortality Branch
Contract and Collaborative Research

Contract Number: NOl HD 71-2455

Contract Title: Intrapartum Fetal Monitoring

Contractor: Professional Staff Association of the Los Angeles County/
University of Southern California Medical Center,
Los Angeles, California

Money Allocated: $65,940

Objectives: The objective of this project is to characterize the changes and
patterns associated with specific groups of high-risk obstetrical patients
through detailed study and analyses of fetal heart rates (FHR) , fetal electro-
cardiograms (FECG) , uterine contractions (UC) , and fetal acid-base status and
respiratory gase^.

Findings: Five hundred and four patients who had diagnoses including toxemia,

chronic hypertension, Rh sensitization, abruptio placenta, maternal diabetes,
premature rupture of the membranes, premature labor, prolonged pregnancy,
para 6 or greater, elderly primagravida, breech presentation, previous
cesarean section, and maternal hyperpyrexia have been studied. Basic bio-

physical (FHR, FECG, UC) and biochemical (pH, p02 , PCO2) data were recorded
from the mother and fetus during labor and from the newborn through the first
hour of life. Maternal and neonatal conditions were assessed at 24 and 48

hours following delivery. Descriptive and statistical analyses (correlations,
Chi-squares and multiple regression) of the data are underway, and a clinical
index of fetal risk is being developed. This index takes into consideration
maternal risk factors, baseline fetal heart rate, abnormal fetal heart rate
pattern, acid-base status of the fetus, and uterine activity.

Significance to Biomedical Research and the Program of the Institute : Since
a large proportion of perinatal mortality is associated with the last week of
gestation, it is pertinent to examine current methods of checking fetal con-
dition during the course of labor. During the last decade, biochemical and
biophysical techniques, separately and in combination, have been proposed as

methods of fetal surveillance during labor and delivery. Since a sizable
proportion of perinatal morbidity and mortality may be directly relaced to the
stresses of labor and delivery, it is important that the relative merits of
these fetal monitoring techniques for fetal and neonatal well beinf, be deter-
mined, particularly in relation to specific high-risk obstetrical conditions.

The complimentary use of biochemical and biophysical methods to study the fetus

during labor and delivery, and the infant during the first 12 hours provides
valuable data (during the early days of life) not previously available.

Information obtained will aid in delineating the respective value of biochemical

and biophysical techniques for fetal surveillance in high-risk pregnancies.

Proposed Course : This project will be completed by June 1975.
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Perinatal Biology and Infant Mortality Branch

Contract and Collaborative Research

Contract Number: NOl HD 4-2867

Contract Title: Fetal Effects of Maternal Smoking Related to Other Risk

Factors

Contractor: Johns Hopkins University
Baltimore, Maryland

Money Allocated: $10,777 (June 30, 1974 to June 29, 1975)

Objectives: To test the hypothesis that a difference exists in fetal and neo-

natal loss associated with maternal smoking in some populations but not in others

because of differential interaction between maternal smoking and other risk

factors.

Findings: Data from the Ontario Perinatal Mortality Study were analyzed for a

total of 51,490 births including 701 fetal deaths and 655 early neonatal deaths

.

Perinatal mortality increased significantly with maternal smoking and was af-

fected by such factors as maternal age, parity, hospital status, previous preg-

nancy history, and hemoglobin level. When smoking and other risk factors were
compared with other subgroups only the "light smokers," (less than one pack per
day) under age 20, had lower perinatal mortality rates than their non-smoking
counterparts. In most subgroups the perinatal mortality increase with smoking
was dosB'related. The increased risk of perinatal mortality associated with
light smoking among young, low parity, non-anemic mothers was less than 10 per-
cent. At the other extreme mothers of high parity, clinic service patients with
previous infants of low birth weight, or with low hemoglobin, had an increased
perinatal mortality risk of 70-100 percent when they were heavy smokers.

Significance to Biomedical Research and the Program of the Institute: The anal-
ysis of the maternal smoking data allows identification of associations between
smoking and other factors with particular reference to differential risks for
specific population subgroups. Clarification of these interactions serve to
identify women for whom smoking during pregnancy carries with it varying degrees
of risk.

Proposed Course : It is anticipated that this project will be completed with-
out additional funds.
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Mental Retardation Branch

Perhaps no other single problem within the broad range of human development

is more complex and challenging than that of mental retardation. No other

problem more clearly reflects the broad mission of the Institute, for mental

retardation is a life-span problem requiring for its solution study of the

full range of developmental variables.

The inadequately developed intelligence which characterizes the retarded

individual is present early in life and obtains through maturity. Through-

out its course, mental retardation impacts heavily on the individual, his

family, community and the economic life and resources of our nation. The

complex phenomena subsumed under the term mental retardation stem from many

different causes and are expressed most commonly as the product of multiple

biological, behavioral and social variables in interaction.

The task of bringing this wide and diverse range of phenomena together as a

coherent body of related elements is similarly complex. Central to this

effort is the need to effect synthesis of the many separate but related

variables underlying the retarded condition which can give direction toward

solution of the problem. Within the Institute, this task is assigned to the

Mental Retardation Branch.

The primary mission of the Mental Retardation Branch is to develop and

support research aimed at the prevention of mental retardation and, when

this is not possible, to effect its amelioration. Progress toward these

goals is slfw but deliberate and has been marked by cumulative small gains

rather than spectacular breakthroughs.

The history of the Branch is one of steady growth. In its first year, the

program held 59 grants and contracts for a total outlay of $2,748,000. In

January, 1975, the number of grants and contracts had increased to 143 at a

total level of support of $18,342,000. Because the Branch holds a large

number of program projects, the number of grants and contracts reported for

1975 gives a misleading indication of the number of discrete research projects

supported. Each program project consists of several different but related
projects. Taking this feature into account then the actual number of research
projects supported approximates 250 and cover a wide and diverse range of

research activities.

Numbers of grants and funding levels are but two dimensions reflecting
program growth and activity. Program growth is also reflected in an ever
widening of research problem coverage. Early in this decade the program
had narrow coverage with grants concerned with inborn errors of metabolism
dominant in program holdings. Today, program supported grants and contracts
cover virtually every area of mental retardation research concern.
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Legislation was passed (P.L. 88-164) in 1963 authorizing $26 million in

construction grant awards for centers for research on mental retardation
and related aspects of human development. These Mental Retardation Research
Centers (MRRC's) were heralded as primary agents for the nation's major
thrust in the attack on mental retardation. Responsibility for this con-

struction grant program was assigned jointly to the Division of Research
Resources and Facilities, NIH and the Institute. Continuing responsibility
for center program development and implementation was given to the Institute
and its MR Branch.

The first constructed center was completed and occupied in 1968, four years
after initiation of the construction phase of the program, and the last
center became operational in 1973. In anticipation of the lag between
initiation and review of center contruction grant applications and completed
construction of centers, staff initiated program efforts to bring the centers
into productive operation prior to completion of contruction. This was
accomplished through programming efforts with the "paper staffs" listed on the

construction grant protocols and by organizational work with the designated
center directors.

These early discussions resulted in the recommendation, approved by Council
in June 1968, for establishment of the center grant. Center grants and the
guidelines governing their award were conceived of as a means for strength-
ening center administration by adding to its functional identity and
capabilities.

Establishment of the center grant mechanism carried with it the recommendation
calling for establishment of the Mental Retardation Research and Training
Committee (HDMR) . Study of the problems of center administration indicated
that a stable, continuing scientific review body committed to the center's
successful accomplishment of mission was necessary.

The review charge made to the HDMR Committee was scientific review of all
center grants and all program projects, training grants, and fellowships
assigned to the MR Branch. In addition, the committee was charged with
review and report to Council of the relevance of each center's research
activities to their primary mission—"reseach on mental retardation and
related aspects of human development."

The HDMR Committee (now known as the Mental Retardation Research Committee
consequent to changes made in NIH support of research training) from its

inception, has met its charge successfully and in accordance with the highest
NIH standards for review for scientific excellence. Its growing experience
with each center has provided in-depth awareness of each centers needs,
capabilities, and limitations against which any one of its immedif.te review
responsibilities can be discharged.

The program project grant has become increasingly a key element in building
the MR Branch. These grants are particularly suited to the purpose of the
MRRC's, for they provide a mechanism whereby multidisciplinary and inter-
disciplinary research can readily be forwarded. In particular, the program
project offers the opportunity to effect a synthesis of related elements
around a central problem or theme—an opportunity sorely needed in mental
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retardation research because of the diverse and interacting variables that

determine the development life course of retarded individuals. As a

consequence of the advantages offered by the program project, program staff

has turned increasingly to this grant mechanism for program development.

MENTAL RETARDATION RESEARCH CENTERS

The MRRC program represents a potentially unique resource for multidisci-

plinary and collaborative research between biomedical and behavioral

scientists to better understand the complex causes, pathogenesis and modes

of prevention, treatment, and amelioration of mental retardation. More than

600 investigators representing a broad range of basic, clinical, and applied

sciences and nearly twice as many supportive personnel are engaged in this

effort. This concentration of research talent in mental retardation and

related aspects of human development is the nation's response to this major

social problem.

An important adjunct to research is the testing of new ideas in practice,

the clinical application of preventive and treatment modalities and the

training of manpower to staff emerging service programs. The University-

Affiliated Facility program is particularly well suited to this purpose.

Ten of the research centers also have U-AF's, frequently in the same building

and occasionally under the same administrative direction. The two programs

are generally closely integrated on most campuses, with potentially enriching

benefits to both. The integration of research with service and training

activities has the additional value of helping to direct the centers toward

mission-oriented goals.

Concern with the human condition is further enhanced by center affiliation

with public or private residential facilities for the retarded, school and

day-care programs and university or community-based diagnostic clinics.

In some instances (Washington, UCLA, Kansas, Fernald, Wisconsin, Peabody,

North Carolina), the tie with state institutions is especially close with

investigators holding faculty appointments, occupying laboratories in the

institution or working directly with retarded subjects in ward settings.

These administrative arrangements have been encouraged by the Institute to

bridge the traditional gaps between universities, institutions, and com-

munities, to facilitate the dissemination of new knowledge and its trans-

lation into practice, and to expedite program relevance. While this goal

is not yet fully realized, coordinating mechanisms and partial communication

systems already in force, indicate that real progress is being made.

The Institute's development of innovative policies for the fiscal support

of the centers has been a major contributing force to their growth and

viability. The most significant policy, designed to help the centers carry

out their legal commitment to conduct research in mental retardation and

related aspects of human development for a minimum of 20 years, is the

center grant.

The center grant, vhich includes support for administrative costs, common

equipment and supplies, and other supportive services of the research program

effects certain economies through the sharing of resources (computer
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services, vivaria, high-priced scientific equipment, electronics, machine

shop, information services, support laboratories, etc.)- Many of these

resources, lAiich undergrid center activities, are not readily obtained

through regular grant mechanisms and can be justified only whan they serve

a large number of investigators.

The most significant aspect of center support, however, is the provision for

support of new program development personnel for a limited time, and other

costs related to the initiation of new program areas. Such support has

greatly enhanced center recruitment capabilities and faculty appointment and

has resulted in the commitment of many outstanding scientists to mental

retardation research. Perhaps more than any other single category of support
under the core grant, this category is largely responsible for helping the

centers become centers of excel] ence and effective competitors for grant funds.

The spectrum of research studies being conducted in the MRRC's embraces every
known major dimension of the problem. Illustrative achievements are included
in the section on research activities.

RESEARCH ACTIVITIES

The Mental Retardation Program sponsors a broad attack on the problem of
mental retardation ranging from studies in fundamental molecular biology,
biochemistry, neurophysiology, and genetics to epidemiology, pathology,
obstetrics, and pediatrics and to psychology, sociology and special education.
Of primary concern to the Institute are inquiries into the basic causes and
means of preventing mental retardation through research into the biological
and behavioral processes which contribute to or influence the development of \

these disorders. The Program's research attack is based on a program of
j

research granL support, creation and support of special research facilities 1

and resources, dissemination of scientific information through support of !

scientific conferences, and through contract support of research designed to '

accomplish specified research goals. Many of the research accomplishments
which the NICHD has supported have been achieved in the 12 Mental Retardation
Research Centers for which the NICHD has programmatic responsibility. These 1

Centers, located throughout the country, are uniquely capable of carrying out '

research in the complex problems of mental retardation by calling upon the
skills of investigators in many disciplines. In addition, the Centers provide

j

training sites for future scientists.

Genetics and Inborn Errors of Metabolism

It has been estimated that genetic defects are present in 5 percent of all live
births; over one-third of all spontaneous abortions are associated with gross i

chromosomal defects; and about one-third of all admissions to hospital J

pediatric wards are for genetic reasons. In institutions for the mentally *

retarded today, about 5 percent of the patients have inborn errors of meta- j

holism, over 10 percent have Down's syndrome, and 25 percent have central
nervous system defects, many of which are inherited. A survey of an unselected
newborn population has demonstrated that 1 out of 200 babies has a major chromo-
somal abnormality. In addition, about 5 percent have minor chromosomal
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defects, the significance of which remains to be determined. Most of these

genetically determined conditions are associated with mental retardation or

defects which impair a child's ability to achieve his optimal development.

The problem of lowering the number of mongoloid births in this country is of

special interest to the NICHD. Mongolism, or Down's syndrome, is a form of

mental retardation known to be genetic in origin. Scientists also know that

the incidence of mongoloid birth? rises precipitously among offspring of

women over forty. The NICHD has promoted increased understanding of the

risks in pregancies among women of this age group by publishing and dissemi-

nating a series of pamphlets on this topic for public and professional

information.

Progress has been reported this year in extending the use of amniocentesis in

diagnosing, before birth, inborn errors of metabolism and Down's syndrome

—

genetic deficits many of which cause mental retardation. The technique is

also an invaluable research tool for studying basic mechanisms causing the

inborn errors

.

Teratology

An estimated 15 million Americans today suffer from various forms of birth
defects. About 80 percent of these cases are genetically determined while
the remaining 20 percent are due to non-genetic factors such as infections,

exemplified by rubella or German measles, drugs such as thalidomide, and the

effects of physical agents to the developing fetus.

Preliminary evidence obtained from experiments conducted at the Cincinnati
Children's Hospital MRRC suggest that doses of acetylsalicylic acid too low
to produce gross CNS malformations produce behavioral impairments. The
learning impairment was attributed to functional brain damage resulting from
in-utero expos re to salicylates. The damage was not accompanied by anatomic
abnormalities of the CNS although minor malformations of the skeleton and

viscera were observed. This and other work in behavioral teratology points
to need for expanded efforts in this area.

The costs, economic and otherwise, of genetic diseases are enormous. The
misery and suffering that these conditions inflict on the affected individuals
and their families are incalculable.

Neuropharmacology

The impact of separation trauma on the human infant's psychological development
has been clinically described for many years. This phenomenon has special
application to retarded children who are frequently institutionalized or
otherwise placed away from their homes. However, the biological correlates
of the noted protest and despair reactions and its consequences have been
researched. The study of biochemical changes in tissues and fluids requires
an animal model.

Investigators in the neuropharmacology division of the BSRC at the University
of North Carolina in collaboration with the primate laboratory at the
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University of Wisconsin have analyzed the adrenals and specific portions of

the brains of baby monkeys during the despair stage of separation. (Nature,

in press.) Marked elevations in the enzymes required for synthesizing nor-
adrenaline, adrenaline and hypothalamic serotonin were observed. These
psychologically induced changes in monkeys are similar to the biochemical
changes induced by physical stress in rodents. Longitudinal experiments are
being carried out to determine whether the chemical and enzymatic lesions
noted are reversible and the circumstance under which they can be made to

occur.

Neuroscience

Mental retardation in humans may involve the failure of certain neural
pathways to develop properly. Experiments with rats indicate that a deficit
in chemical neurotransmitter, induced by injection, has detrimental effects
on development and learning. The possibility of reversing these effects
pharmacologically later in life is being investigated. (Brese, North Caro-
lina. )

Further documentation of this concept comes from an examination of histological
sections of the brains of retarded persons at autopsy. Although showing no
evidence of destructive lesions or malformations, the use of special staining
techniques (Golgi) has demonstrated in these brains a marked delay or cur-
tailment of maturation of the individual neurons and interconnections between
them. (Kemper, Shriver Center.)

Other investigators (Bornstein, Grain) have introduced immunogical approaches
to the analysis of factors influencing normal and pathological maturation of

the brain under tissue culture conditions in which the environment can be
accurately controlled and monitored. The exposure of 11 to 12 day old fetal
mouse spinal cord tissue to antisera prepared from purified synaptosome
fractions inhibits synaptic development which is reversible after a three
week exposure to the antiserum. These techniques provide a methodology for

selective modification of development of various brain tissues which may have
potential for in vivo application. This opens the way to the study of the

impact of specific experimentally induced changes in early brain structure
upon the subsequent development of the nervous system and its behavioral
capacities.

Still another approach to the study of neural pathways involves the migration
of nerve cells from one place to another in the^ course of early development
and their dependence upon the laying down of proper guidewires formed by
certain supporting cells in the brain. Investigators (Rokic and Sidman) have
extented this observation to explain a particular genetic neurological deficit
in the Weaver mouse in which a type of nerve cell dies because the guide cells
are deficient. Disturbances of cell migration occur with significant frequency
in mental retardation and this mechanism has potential for understanding some
of these defects.

Research by an investigator at the Colorado MRRC (Hambidge) indicates that
zinc deficiency is relatively common in the United States among infants and
young children, and that the health of 5 percent of children under 10 years
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of age is adversely affected thereby. One effect of this deficiency is an
impairment of taste acuity, appetite and growth. Zinc deficiency in animals
suggests possible other effects on children including congenital malformations
and learning disability. Investigators at Cincinnati (Warkany and Patering)
have sho^^m that such deficiencies produce congenital malformations of the
brain. Research into preventive measures are underway.

Communication Disorders

Among the various handicaps shared by the mentally retarded, communication
disorders are the most prevalent. At least 20 percent of the retarded have
significant hearing impairments, over 70 percent have significant speech
problems, and almost all have some type of language disorders.

Because of the need to better understand the effect of hearing impairment on

speech and language development and the impact of speech and language problems
on the mentally retarded the NICHD has developed a major contract at its

University of Washington Mental Retardation Research Center on the language
acquisition of normal, hearing impaired, and Down's syndrome children. This

contract is primarily concerned with children under three years of age. The
first phase of the study involves the development of special procedures for

assessing hearing, speech, and language abilities. One of the major advances
of this study is in the area of assessing the hearing of infants under one
year of age. This involves the use of both impedance audiometry, which
requires no active participation by the infant, and behavioral audiometry in

which the infant is trained to respond to auditory test signals. Impedance
audiometry provides information about specific parts of the auditory system,

primarily the middle ear. Behavioral audiometry provides information about

the auditory system as a whole. It also provides information about the

functional relation between the infant and his auditory environment, i.e.,

not only how the auditory system functions but as an index of how auditory
signals can be used by the infant. To date, the investigators have been able
to obtain behavioral threshold data from infants as young as five months of

age. The assessment of auditory abilities during the first year of life has

major significance for early intervention programs.

The University of Washington researchers have based their behavioral audio-

metry procedures for infants on the work of researchers at the University of

Kansas Mental Retardation Research Center where operant audiometry was

developed to test profoundly retarded individuals. The Kansas investigators
have extended their use of basic operant in threshold testing to teach

severely retarded children to make auditory discriminations. This opens a

whole new training area for such children and allows them to take part in

programs previously considered too complex for them. Once a subject is

systematically trained to respond, by being brought under stimulus-response
control, a variety of tests can be administered. Such a training program can

be a basic key to training in other forms of communication.
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The development of the operant model for hearing assessment including appli-

cations to advanced audiologic diagnostic tests and research in the basic

areas of auditory perception has been reported in a number of research journals

and recently in a book. The model is currently being extended from the

detection of stimulus change to the discrimination of two auditory stimuli and

the categorization of auditory stimuli into classes having meaning. Such con-

cepts are prerequisite to receptive language development. Benefits derived

from this basic assessment procedure permits the child to be appropriately

referred in cases of ear pathology (the mentally retarded have a greater

incidence of pathology than is found in normal populations); to be considered

for supportive amplification such as a hearing aid; and to be placed in

habilitative or educational programs compatible with the child's hearing

status.

Perhaps the most dominant impression conveyed by a severely limited person
is that person's inappropriate speech and language. This results in a

mismatch between the limited responses of the retarded speaker and the more
complex behavior of the normal speaker. Thus language is one of the most
significant requisite skills to the placement of a retarded person back in
the mainstream of our social system.

Research in several of the Mental Retardation Research Centers is beginning
to unravel the mysteries associated with intervention issues. Through
research into ontogenetic speech response systems, semantic and syntactic
features of early language, relationships between receptive and expressive
language, the utility of special language systems, the generative nature of
language and the rationale for language intervention in natural and controlled
environments, it is rapidly becoming possible to design intervention systems
which will change the lives of thousands of retarded persons who would other-
wise have lived their lives in isolation from functional communications skills.

A major program project at the University of Kansas Center has included work
on information-processing and semantics or concepts underlying language
usage. The information-processing design has been used to study learning,
storage, and retrieval functions of short and long-term memory. Results
indicate that retarded persons use primarily passive techniques for learning
material to be recalled later. However, retarded persons have been taught
the various components of effective learning and recall. They can be taught
to rehearse materials and to use effective retrieval strategies. There is
some indication that these learning and retrieval functions are not limited
to components but may relate to the organization of learning and recall
processes.

The semantics, viz stimulus classes (concepts) have been studied by procedures
of transfer and generalization. Classes of stimuli are presented through
various visual match-to-sample procedures. The child is then taught to select
an object in the stimulus (class) array in response to an auditory label.
Subsequently, the child will select other members of the class in response to
the auditory label without direct training. The research shows that if each
visual stimulus within a class has been trained as an associate for every
other visual stimulus in the class, then merely teaching the child to respond
to one of the visual stimuli when given an auditory label is sufficient to
establish all members of the visual stimulus class as associates to that
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auditory label. This finding should aid in understanding the transfer and

generalization effects in semantic concepts.

At the Kennedy Center, Fernald State School, an investigator has developed an

automated method for introducing severely retarded children to reading compre-

hension. The method permits even Down's syndrome children with I.Q.s of 30

or less to learn simple reading comprehension. They are taught to associate

dictated words with pictures, and the same dictated words to their matching

printed words. They then prove able to associate the printed words with their

appropriate pictures. Having learned a basic reading vocabulary this way,

they are then able to progress further by means of interaction with a teacher

in a special education class. The initial teaching, however, uses only a

simple teaching machine and does not require the time and attention of a

teacher. Without the automated methods, most such children would not have

been recognized as candidates for reading instruction.

Another project at the Center at Peabody College in Nashville is based on

the assumption that positive intervention of nearly any sort at the earliest

possible age is likely to yield beneficial results for the developing child.

Efforts to train toddlers in language skills have thus far demonstated con-

siderable success.

Learning

Investigators at the University of Wisconsin Center have explored the learning

process in "impulsive" children. Their study demonstrates that discrimination
performances does not necessarily reflect the learning ability or progress of

the child. The impulsive children of the study were given many weeks of

training without learning having taken place, and yet when a simple five

second delay period was introduced their respective language performance
increased drastically. In this situation as in many other involving retarded
children, the child's degree of learning and ability to perform had been
vastly under-rated. This study points to the need for much additional research

to determine optimal training and testing procedures, and suggests that

impressive improvement in the learning and performance of retarded children
might be obtained by taking into account such factors as impulsive responding
which may interfere with learning, or obscure the true ability level of the

retarded child.

Concept: Behavior Modification

The application of behavior modification principles and technique > under a

variety of conditions and settings and for different groups and problems
continues to yield significant findings, demonstrating the versatility of

this method for shaping behavior and its theoretical import.

This technology has been successfully applied in the treatment of juvenile
delinquency and mild retardation in the Achievement Place model developed
by center investigators at Kansas. This community-based facility of which
there are 17 in Kansas and more in other states, uses an operant-conditioning
based point system whereby the youths earn daily or weekly points which
are exchanged for privileges. The post release behavior of youths in
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Achievement Place was compared with similar youths sent to a state boy's
school and others placed on probation. Two years after release, nearly
three times as many youths in the latter two groups as compared to the

former, were adjudicated by the court and institutionalized. Similarly, 90

percent of Achievement Place youths still attended school three semesters
after release compared to only 9 percent of boy's school youths and 37 percent
of the probation youths. For those in school, the latter passed nearly
twice as many classes as the former. From a cost-benefit point of view,
capital investment costs per bed were less than one-third that for state

institutions and operational costs per youth about one-half.

The effective involvement of parents as behavior modifiers has been demon-
strated for lower class families in a public housing project and for a wide
range of families of severely and profoundly retarded children living at home.

The latter project, supported under contract, has special social and practical
significance, for it demonstrated that parents using manual materials only
were equal to or even more effective than another group of parents with
access to home visits and professional training as well as manuals, in teaching
self-care skills. In cost-benefit terms, the per capita cost in the manuals
only condition was $28; for the supplemental condition $211; for children in
special schooling (who did the most poorly) $1500. More important, the
potential for reaching parents in localities inaccessible to professional

services has far-reaching implications for current trends of deinstitutionali-
zation and enabling parents to keep their retarded children at home.

Behavior modification concepts are also being applied in a sheltered workshop
setting in a state institution in North Carolina for adults of 30-70 IQ. An
automated token economy system utilizing the principles of programmed
instruction is being applied to teach assembly of complex electromechanical
modules for behavioral research. To enable generalization of behavioral
effects beyond the therapeutic environment of the workshop, the investigators
simulated a free market system so that spending and earning were more sensitive
to laws of supply and demand. Under this system, even the more severely re-
tarded demonstrated preferential spending behavior and income budgeting. Age,
IQ, and length of institutionalization did not affect earning, spending or
budgeting behavior.
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Contract Number

Contract Title

Contractor

Money Allocated

Objective

Methodology

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Mental Retardation Branch
Collaborative Research and Contracts

Summary Reports

NIH-71-2447

Diagnostic and Intervention Studies of High-Risk Infants

Regents of the University of California, U.C.L.A

$900,266 FY '74

The purpose of this contract is: (1) to develop new
diagnostic techniques and relate these to established
ones, so as to best delineate those aspects of psycho-
physiological functioning in high-risk infants that

indicate continuing risk for development, and (2) to

ameliorate or modify this risk status through a program
of specified interventions implemented from ten to twenty-
four months of age.

This prospective study is designed to specify those be-

haviors of high-risk neonates and infants which relate to

performance on tests at two years of age. The study design
is longitudinal and correctional, covering a two year period
in each child's development.

The study sample of 200 subjects will be drawn from Los

Angeles area hospitals and the UCLA Newborn Nursery and

will consist of all premature infants of 37 weeks gesta-
tional age or less. Control subjects, full-term infants,

will be drawn from the UCLA Newborn Nursery.

In the newborn period the infants will be rated on several
behavioral and physiological diagnostic tests as well as

on obstetrical and neonatal events. In addition, the

infant's performance on other diagnostic tests will be
assessed during the first four months. When the infant

is four months of age the scores on all measures will be
weighted and summed to derive a four-month Cumulative Risk
Score (CRS). The CRS will then be used to classify the four-

month old subjects high or low risk. Additional diagnostic
tests of behavioral and physiological functions will be

administered during the four to nine months period. Scores

on all the diagnostic tests will be weighted and siommed to

yield a nine-month CRS. The nine-month CRS will be used to

validate the risk and non-risk status of a four-month CRS.

At ten months of age, the high risk infants, as determined
by their CRSs, will be randomly assigned to an educational
intervention or to a non-intervention group. Intervention

313



will continue with the infants in the intervention group

until the infants are two years of age. The diagnostic

measures and the specialized intervention program will be

evaluated by testing each child at two years on a variety
of measures.

Results : The project is in its fourth year of a planned five year
program. Resultg of the study will not be complete until
the end of the fifth year.
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Contract Number:

Contract Title :

Contractor :

Money Allocated:

Objectives :

Methodology

Results

NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975

Mental Retardation Branch
Collaborative Research and Contracts

Summary Reports

1-Y01-HD-30G01-00

An Automated System for Chromosome Analysis

Jet Propulsion Laboratory, California Institute
of Technology

$32,420 FY '75

This contract was initiated in February, 1973 with the
primary objective of developing an automated system for
specimen preparation and computer analysis of conven-
tionally stained as well as "banded" chromosomes.

The system examines microscope slides of human metaphase
spreads using an automated light microscope system developed
at the Jet Propulsion Laboratory. The system includes an
object locator, optical scanner, automated focus device and
the necessary software for analysis of metaphase spreads.
The signal received by the optical scanner is sent through
an analog to digital converter to a computer where the image
is analyzed. The final computer-generated karyotype is
presented in the form of a high quality hard copy print.
Corresponding numerical measurements are available from the
line printer.

The hardware and the software for homogeneously stained
chromosomes are currently functional while the software
for banded chromosomes is currently being evaluated and
is expected to be completed by the end of this FY. The
primary task that needs to be done is to evaluate the system
on a field trial using slides, photomicrographs and negatives
contributed from various sources.
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Contract Title :
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Methodology

NICHD ANNUAL REPORT

July 1, 1974 through June 30, 1975

Mental Retardation Branch

Collaborative Research and Contracts
Summary Reports

NOl 92180

Prevention of Prematurity and Developmental Disorders
Through Nutritional Supplementation and Laboratory
Studies on Prenatal Malnutrition.

Columbia University School of Public Health

$447,272 FY '75

The purpose of this contract is to carry out a controlled
study on the effects of nutritional supplements to preg-
nant women in the socioeconomically deprived propulation
of Harlem in New York City. Evaluation will be made of

the impact of these supplements during various stages of

pregnancy on birth weight, infant development, infant

mortality and related disorders. Subjects will be drawn
from a clinic population considered at high risk of giving
birth to premature infants. This project is presumed to

have great social and practical significance for improving
physical and intellectual development in racial minority
and poverty groups and for the prevention of mental retar-
dation and related handicapping conditions.

The laboratory studies are designed to obtain a better
understanding of the physiological parameters of growth
and development and the potential role of infectious
processes in low birth weight and retarded development.
The correlation of data from these studies with patho-
logical and clinical findings and data derived from the

basic project will strengthen and extend the results and

validity of the nutritional experiment.

Experimental and control groups will be selected from a

clinic population serving the Harlem area according to

certain indices of high risk in producing low birth weight
infants such as prepregnancy weight, previous history of

prematurity, weight gain during pregnancy and age of mother
and low protein intake. Other relevant factors including
smoking habits, drug usage and trimester of entry into the

project will be considered in the analysis. Infants will
be assessed developmentally at birth, 26 and 40 weeks of

age.

The laboratory studies include biochemical measurements of

DNA, ENA and protein on placental and autopsy material and
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their relation to cell size and number. Morphometric mea-
sures will be made on by-products of pregnancy and infant
tissues and studies of infection will be undertaken on
maternal and infant serum and cultures.

Results : The project is now in its final stages of data analyses
with all children born into the study having been tested
at 44 weeks of age. Data on outcomes for the total study
are not yet fully analyzed. Preliminary analysis indicates
that certain conditions anticident to pregnancy, e.g. low
prepregnant weight of the mother and smoking represent high
risks for producing low birth weight children and that these
consequences can be modified by nutritional supplementation.
Evaluation at 44 weeks of age does not discriminate between
treatment groups. The supplementary laboratory work is near
completion and the findings from these studies are to cor-
relate to other treatment and outcome data.
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Contract Title :
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Methodology

NICHD ANNUAL REPORT

July 1, 197A through June 30, 1975

Mental Retardation Branch

Collaborative Research and Contracts

Summary Reports

NOl HD-32793

An Investigation of Certain Relationships Between Hearing
Impairment and Language Disability

University of Washington, Seattle, Washington

$219,486 FY '75

The objectives of this project are best described in two

phases. The three specific objectives of Phase I of this
contract are: (1) to determine the feasibility of con-

ducting an extensive investigation of the relationships
between hearing impairment and the speech and language
status of children from birth to three years of age; (2) to

formulate a test battery for assessing the speech, hearing
and language abilities of children under the age of 36 months;

and (3) to development specific testable hypotheses regarding
the relationships between hearing impairment and language
function. The results of Phase I of this contract will serve
as a base for Phase II, a subsequent project on the investi-
gation of the relationships between hearing impairment and
language in young children. Phase II will provide a base
for the investigation of language disability of children with
other problems, such as cultural-familial mental retardation,
physically based mental retardation, and cerebral palsy.
During FY '75 the contract shifted from Phase I to Phase II.

Phase II consists of a longitudinal study and a series of

cross-sectional studies of language development in normal,
hearing- impaired, and Down's syndrome children. These
studies will have six major areas of investigation as follows:

a. Speech Production: Segmental Phonology: This area
includes studies of children's phonological outputs
which the Contractor will describe within a basically
generative framework. The proposed work will focus upon
the details of a hierarchy of phonological learning and
its variability within and across children, both normal
and abnormal.

b. Speech Production: Suprasegmentals. Studies will focus
on suprasegmental perception and production preferences
of children in order to clarify the nature of acoustic
differences between the speech of normal, hearing-
impaired, and Down's syndrome children. The Contractor
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will specify certain interdependencies of the segmental

and suprasegmental aspects of the language code.

c. Speech Perception: The Contractor will investigate per-

ceptual influence on various kinds of phonological errors

produced by Down's, hard-of-hearing and normal children.

In addition, the Contractor will continue to develop an

empirically-abased model of linguistic perceptual develop-

ment .

d. Syntax: In this area, the focus will be on three factors

in syntactic development: (i) word-order in subject-
verb-object constructions; (ii) telegraphic imitations of

adult utterances; and (iii) order of appearance of certain

grammatical morphemes (function words and inflections)

.

The Contractor will determine whether or not factors such

as hearing-loss and general cognitive delay result in

patterns of learning which differ from well-established
patterns of normal development.

e. Semantics (Lexical Development): Studies will focus on

the ordered acquisition of meaning for certain relational
terms (dimensional adjectives) and the possible perceptual
influence on this ordering. The Contractor will conduct
an in-depth study of the development of the meaning of

dimensional terms, with special emphasis on apparent
shifts in meaning which take place during learning. Hy-
potheses relating to different courses of development
among the three groups as well as within group variations
will be tested.

f. Auditory Sensitivity: The Contractor will assess the

hearing sensitivity of a group of auditorily-impaired
infants. Among the techniques used will be visual rein-
forcement audiometry, conditioned orientation response
audiometry, tangible reinforcement operant conditioning
audiometry, and impedance audiometric techniques.

Results : Based on the work in Phase I the contract team has published
several journal papers and made several professional meeting
presentations on improved procedures for assessing the auditory
sensitivity and language of infants and young children. These
papers have contributed to the understanding of both segir.ental

and suprasegmental phonology, speech perception, and auditory
sensitivity. One of the major contributions has been the
development of behavioral audiometry procedures to reliably and
validly test the auditory sensitivity of infants as young as
five months of age. Phase I has also provided interesting
initial data on the nature of early language development which
will be further explored in Phase II. The contract staff has
just begun to see subjects on Phase II.
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Contract Title :
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NICHD ANNUAL REPORT
July 1, 1974 through June 20, 1975

Mental Retardation Branch
Collaborative Research and Contracts

Summary Reports

NIH-74-2848

Follow-up Study on the Application of Behavioral Modifi-
cation Skills by Parents of Mentally Retarded Children

Behavior Education Projects, Inc.

$23,927, FY '73

This is a follow-up study of contract NIH-72-2016. The
objective is to determine the degree to which parents in
the various experimental groups of the initial study con-
tinue to apply behavior modification principles, knowledge,
and materials in shaping the behavior of their retarded
children. Since the original study involved relatively
short-term training (five months) , the duration of the
effects of training poses important issues. Answers to

this question will help to evaluate the long-range effect
of various approaches to parental training and thereby,
suggest strategies for follow-up programs of this kind.

Contacts will be made with all parents participating in the
various experimental groups of the original project. Inter-
views will be conducted and test instruments applied to

assess the parents interactive behavior with their retarded
children in influencing the development of behavioral skills
and in the determination of their continuing knowledge
regarding behavior modification problems and technologies.
Approximately 100 parents will be involved in this follow-up
study and data both on parent and child characteristics
will be included in the analysis.

This project was initiated on May 1, 1974 and a final report
is in process.
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Collaborative Research and Contracts
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NOl-HD-3-2713

Coordination of Regional Cytogenetic Registries

University of Oregon Medical School. Portland, Oregon

$76,612 FY '75

To coordinate existing cytogenetic registries in Oregon
and Colorado, and to test the feasibility of including
cytogenetic and clinical information from laboratories
geographically distant from Oregon.

This contract was initiated in June 1973. To date the
investigators have developed a common unified . format
for the collection of clinical cytogenetic data. The format
is designed to be simple, practical and flexible and will
permit incorporation of newly developed technology. A
manual of procedures has been written and is being used for
completing the common data format, coding and key-punching
of data. Quinacrine-fluorescent and Giemsa-banded karyotypes
have been utilized and included in the manual as models for
quality control. A computer program has been devised for
input and output of data in Oregon and Colorado. Computer
compatibility between Oregon and Colorado has been achieved.
The unified data format and manual of procedures have been
applied successfully in Oregon and Colorado albeit on a

limited basis.

During this current year three additional laboratories have
been formally included in the contract: Yale University,
and Southbury Training School both under Dr. W. Roy Breg,
and the University of Tennessee under Dr. Robert Summitt.
Of the 2,500 cases which have been logged in the system
using the common format, 2,000 cases have been coded for
computer input.
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NICHD Annual Report

July 1, 1974 through June 30, 1975

Growth and Development Branch

The Growth and Development Branch, (GDB) , is concerned with the period of

human growth and development from infancy through adolescence to maturity.

About 18 percent of the extramural: program of the NICHD is supported by GDB.

With general responsibility for a wide variety of research related to child-

hood, GDB has recently identified four research problem areas for special

attention: Nutrition and Malnutrition; Learning Disabilities; The Impact of

Childhood Illness on Child Development; and Problems of Growth and Physiolog-

ical Maturation.

During the past year, the GDB has sponsored three conferences and four publi-

cations in its program areas.

A conference was held entitled "Thyroxine and Brain Development." The central

point at issue was the mechanisms by which thyroxine promotes the proper

organization of the developing brain. Several important conclusions were

reached, one of which was that growth hormone cannot substitute for thyroxine

to promote neurological differentiation, despite reports in the literature

"that it could. Thyroxine's crucial importance in initiating brain maturation

in almost a switch-like manner goes unchallenged.

GDB co-sponsored with the Fogarty International Center a conference entitled

"The Measurement of Outcome in the Care of Children with Chronic Illness."

The proceedings of this conference are now being prepared for publication by

the Government Printing Office. This book will be of great value to pedia-
tricians, child psychologists and epidemiologists who are interested in

quantifying the multifarious problems and value judgments associated with

chronic illness in childhood.

The third conference concerned the Physical Growth of Ethnic Groups Comprising
the U.S. Population. Discussion was addressed to the long-standing research
questions of whether there is a genetic difference in growth potential, what

factors may be responsible for apparent differences between ethnic groups in

physical growth in the United States at the present time, and what growth

standards should be used. The participants concluded that a single set of
national reference data for the U.S. population would be adequate for health
and physical growth screening. A summary report of the meeting and the
recommendations which were developed by the participants have been submitted
for publication to the American Journal of Diseases of Children and also to

the American Journal of Clinical Nutrition .

The GDB sponsored four publications. The fifth book to emerge from the con-
ference series, "Communicating by Language," was published under the title
The Role of Speech in Language by the M.I.T. Press. Three approaches to the
understanding of the role of speech in language are pursued. The first is a

comparison of the rules of speech (phonology) with those of language (syntax
and semantics taken together) ; the second is a comparison of the development
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of speech in man and in the child; and the third is the comparison of sign

language with speech. Given the power of these approaches, the reader is also

reminded of the holism of the speech-language system.

A new monograph entitled The Biological Role of the Immunoglobulin E System

presents the proceedings of a recent conference in the NICHD immunology series.

This publication reveals the most recent knowledge on Immunoglobulin E, such

as the biochemical structure, characteristic properties, and known functions

of this immunoglobulin. Material is presented on genetics, the cellular basis

of IgE antibody formation, and the role of mast cells. The latest information

on immediate hypersensitivity, release mechanisms of vasoactive amines, and

the role of IgE in immune complex disease are discussed. In addition there is

a large section dealing with clinical studies and the implications of IgE in

various disease states.

The Phagocytic Cell in Host Resistance published by Raven Press, New York,

describes the state of our understanding of the role of the phagocytic cell

in host resistance. Up-to-date information is presented on chemotaxis and

the phagocytic cell, endocytic events, the biochemistry of phagocytic function,

and bacteriocidal activity. The role of complement and the lymphokines is

also considered to ensure coverage of the role of humoral factors in phago-

cytosis. One section discusses defined clinical entities as well as the bio-

chemical mechanisms involved and the current data on various chemotactic

defects in both neutrophile and mononuclear leukocytes. Another section is

devoted to maturational defects in leukocyte function, focusing on changes

occurring during development in chemotaxis, macrophage antigen processing,
and biochemistry of leukocytes. .

The third volume of GDB's adolescence series was recently published under the

title Adolescence in the Life Cycle by the Halsted Press Division of John
Wiley § Sons, Inc., New York. Thirteen articles, the result of an earlier
conference, take a broad look at adolescence as a developmental process. The

aim is to show the process as it interacts with social factors in order to

understand how process, social factors, and interactions facilitate or impede
transitions to adult roles. Included in the book are original research reports,

up-to-date review articles, and important advances in conceptualization about
adolescence.

Training for Research

The GDB supports two types of research training programs: training grants and

fellowships. In FY'74, a total of $3,398,000 was spent on training grants and
fellowships. Of this amount, $462,000 was spent on fellowships and the rest
on training grants. In addition $653,000 was spent on research career awards.

Nutrition and Malnutrition

The adverse effects of malnutrition on birth weight, rate of growth and ultimate
physical size are well documented. Poor nutrition is likewise known to reduce
the individual's resistance to infectious disease and to prolong recovery from
trauma, such as burns and surgery.
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It is possible that many widespread beliefs and assumptions concerning physical
growth and developmental physiology of the human infant are based on data of
questionable reliability or which had been accumulated under poorly defined
conditions. This Institute has funded a number of studies to better define

normal growth, body composition, nutritional requirements, utilization of
nutrients, and the impact of nutrition on physiological development. One pro-

ject, for example, is examining possible interrelationships between zinc and
protein in growing children. Recent studies have shown zinc intake of many
U.S. children to be marginal.

Since 1960 there has been an acceleration of interest in the impact of malnu-

trition on behavioral development as the implications for public policy have
become apparent. Severe malnutrition during prenatal life and/or infancy in

animals and man has been shown to decrease the number of brain cells signifi-
cantly and to alter brain structure in animals and probably in man. These

changes are associated with mental retardation and behavioral change which
appears to be permanent and nonreversible.

There has been a major shift of emphasis away from the clinical concept of

mental retardation and toward impaired development of intellectual, social and
motivational competence. Many questions remain to be answered. Are the changes

in behavioral functioning irreversible or are they only delayed but remediable
through intervention? Is caloric deficit or protein deficiency implicated in

low birth weight and retarded development? Can changes in mother-infant rela-

tionships brought about in the prevailing social setting remedy much of the

problem? Both animal and human studies are underway directed to these questions,

The NICHD supported intervention studies currently underway in Guatemala,
Colombia and Mexico and elsewhere will help answer some of these questions.

Since the nutritional implications of several chronic health problems in

children are unknown, NICHD will entertain proposals relevant to this research
question. These conditions include: low birth weight, congenital heart disease,
congenital drug addiction, offspring of diabetic mothers, sickle cell anemia,

childhood asthma, juvenile diabetics, otitis media, hyperkinesis , and children
receiving antibiotics prophylactically, e.g., for rheumatic fever. Currently,
the GDB is funding studies dealing with the developmental implications of low

birth weight, congenital heart disease and otitis media.

While the metabolic mechanisms involved and their interrelationships have not

yet been well defined, it is known that nutrient requirements are increased in

stress situations, such as infectious disease prpcesses, burns, injury and
surgery. Also, there is evidence that the premature or neonatal infant will

respond metabolically in a different manner than older individuals to a stress
requiring an increased supply of available energy.

While the use of high caloric liquid diets and intravenous hyperalimentation
are promising approaches to better definition of the stress/nutrient interrela-

tionships as well as being effective supportive measures, much additional
research is still needed in this area.

Adolescence represents one of the most complex and critical stages in human
development and relatively little is known about nutrient requirements during
this period. Current dietary recommendations for individuals during the years
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of pubertal growth and maturation are mostly extrapolated from early childhood

and adult data; very few well-controlled, quantitative studies of nutrient

requirements have been reported for adolescents of either sex. The adverse

developmental and long-range health implications of improper nutrient intake

during the adolescent growth spurt and subsequent period of maturation also

need to be determined.

Obesity is well known to result in physical and social problems in childhood

and adulthood. Unfortunately, little is known regarding the mechanisms

responsible for the onset and maintenance of the obese state, or how obesity

can be prevented or controlled. Recognition of the important biological,

economic and social implications of ovemutrition provides a compelling chal-

lenge to NICHD to stimulate and support meaningful studies in this area.

Learning Disabilities

A person is considered learning disabled when he or she exhibits a disorder in

one or more of the basic psychological processes. The Branch supports research

both in learning and cognitive development and research in specific learning

disabilities. The former concerns general mechanisms and parameters that cut

across a variety of learning problems. The latter concerns research targeted

to specific learning disabilities.

The clarification of the neurobiological mechanisms involved in learning,

memory and cognition is one of the great challenges for developmental neuro-

psychology and molecular biology. The understanding of the molecular coding

of an individual experience in a neuronal cell and its constituents and the

storage of information by a change in the interneuronal connectivity within

the neuronal networks are current issues of research. Included in these efforts

are studies of protein synthesis, metabolic activity, neurotransmitter sub-

stances, and electrophysiological activity of neuronal systems involved in

learning and memory. In the larger perspective much attention is being given

to the specialization of the cerebral hemispheres in the mediation of specific

cognitive tasks and processes. The quantification of electrophysiological

asymmetries in the human brain during specific cognitive operations is one

attempt to shed light on this important research problem. Additionally, the

study of genetic mechanisms underlying specific cognitive abilities is an

active area of research.

While it is apparent that learning and cognition have a physiological basis,

and that the study of the molecular and electropl^ysiological mechanisms is

necessary, it is also true that information concerning the function of early

social and physical environment upon brain development and learning capacity

is of the greatest importance.

Because of the relationship between stimulation and capacity to learn, it is

neither desirable, nor at times, possible to separate social and personality

factors from studies of basic learning. The child is not merely a passive

subject who responds to stimuli. More and more studies are coming to emphasize

the infant and child as agent who acts upon and interacts with his environment.

A good many variables concerning the nonintellectual components of learning

ability have been and continue to be studied.
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The fact that many variables may be implicated in the learning process can,

perhaps, best be illustrated in the various studies of nutrition and mental

development supported by the Institute. The question is not only whether

there is a relationship between nutrition and mental development, but the

relative weighted contributions of the factors of nutrition and social stimu-

lation to mental development. For example, the mediating mechanisms of

nutrition on attention, energy level, and motivation are integral to the

problem.

The term "specific learning disability" may be appropriately applied to those

children who do not have difficulty in learning in general, but rather to

those children who have a particular or specific difficulty in learning. The

disabilities most commonly found with such children are in the areas of lan-

guage and mathematics. They have difficulties in acquiring the spoken word

and in learning to read, to use written language, to spell, to tell time, or

to calculate. These children have such difficulties even though they are not

primarily mentally retarded, emotionally disturbed, or sensorially impaired.

The ability to hear and understand language (audition) has been called the

"social sense." Audition is the primary way the individual maintains contact
with his environment throughout the day and night. It is also the basic
avenue for learning language and other cognitive functions. By definition,
children with specific deficits in auditory language are able to hear quite
well, but they are not able to understand what they hear. While there are

many different theories concerning the causes of such perplexing problems,
the final answer has yet to be found. To help understand this form of specific
learning disability, the Branch has supported a variety of fundamental research
projects with those children whose language development is following a normal
sequence and others with abnormal language development. For example, we have
supported a longitudinal study of language in preschool children studying both
the semantic and grammatical aspects of their language development. The
results to date have provided new insights into the stages of development of
language acquisition.

We are also currently attempting to determine the cognitive-semantic precursors
and correlates of language acquisition. An effort is being made to assess
empirically whether prelinguistic and early linguistic infants can make
distinctions between and within semantic categories in visually presented
events and whether the ability to make such distinctions is related to the
comprehension of speech.

Many children with disorders of language are able to understand spoken words
but are deficient in using speech to express themselves. Their general
intelligence and emotional controls are good, they perform well in nonverbal
activities and on verbal tasks that do not require an oral response.

While some children with extreme expressive impairments have no spoken language,
a larger number have milder impairments which are often overlooked until they
are five or six years old. To shed some light on the mysteries of speech and
language disorders such as apraxia, the Branch has studied speech production
in the infant. One recently supported research project measured voice onset-
time from spectrograms (pictures of speech) of apical stops (d and t-like
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sounds) produced by young children acquiring American English. Stops were

measured from children recorded regularly between 6 months to 4 1/2 years.

The earliest examples of stops, around 6 months of age, were found to have
uniform distribution along the voice-onset continuum. Later, the distribution
of apical stops collapsed into an interval corresponding to that of American
English /d/, and with further development some apical stops were added in

the range of /t/.

Unlike language acquired through the auditory system, visual language for the

most part must be taught to a child. Why language learned through the eye is

so much more difficult than through the ear is, in fact, a serious scientific
question yet fully to be explained (Kavanagh and Mattingly: Language by Ear
and by Eye) .

The Growth and Development Branch has, since 1964, acknowledged the importance
of this area and supported fundamental research into the nature of the reading
process in order to provide a knowledge base from which a solution might be
found. We have determined that reading and listening do not appear to be
parallel processes as was once commonly thought. Reading appears rather to be
parasitical on spoken language, exploiting the reader's awareness of the con-
tents of his short-term memory. From this ongoing research we anticipate a

major breakthrough in the next year or two.

Mathematics is a special form of symbolic language. Like other forms of visual
language, the skills of counting and calculating must be taught, and failure
to learn mathematics may be due to many causes including poor teaching or
limited intellectual capacity. But given normal intelligence and proper teach-
ing and motivation, there are some children with a specific learning difficulty
for quantification, a disorder referred to as "dyscalculia.

"

The G§D Branch has recognized the need for basic research in this area and plans
to seek proposals which may help us to understand this handicapping condition.
We have not as yet supported specific research in this area. Our basic research
program in language and cognitive development is providing valuable baseline
information.

There are two kinds of "normative" data that need to be established for newborns,
infants, and children before it is possible to detect and characterize depar-
tures from "normal" and "optimal" functioning or to identify "abnormalities"
of sensory development and functioning. The first is an estimate of the "norm"
of characteristics of sensory functioning in the general population of newborns,
infants, and children. It is also desirable to establish a "psychophysiological"
norm that reflects the optimal psychophysiological status in newborns, infants
and children, as defined by a history of optimal health care and health status.
With these two populations in mind it is necessary to develop statistical norms
on specific sensory tasks in all the sensory modalities for newborns, infants
and children.

A number of neuropsychological studies of neonatal anoxia in the nonhuman
primate have demonstrated the presence of many lesions throughout the brain.
Neonatal anoxia at birth results in damage not only at the time of insult but
many years later at adulthood.
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Windel has argued that human newborns that require resusitation have de facto

brain damage. Since the incidence of newborn resusitation is known to be as

high as 15 percent in some hospitals, it becomes imperative to determine to

what extent anoxia occurs with varying degrees of resusitation and the conse-
quences that this has upon sensory and cognitive functions. It is known that
certain obstetric medications frequently depress respiratory activity in the
newborn and thus contribute to anoxic states in the newborn. The consequences
of obstetric medication upon sensory and cognitive functions need systematic
study since studies have documented long-term residual effects (30 days) of
obstetric medication upon newborn learning processes.

A large body of systematic data derived from experimental animal studies and

clinical human studies have documented the extensive emotional and social
disabilities that result from separation and isolation of the offspring from
its mother. Systematic studies are needed to determine the efficiency of
somatosensory stimulation enrichment programs for newborns, infants and
children who are subjected to varying degrees of somatosensory deprivation
associated with isolation and immobilization.

The pharmacological treatment of developmental behavioral disorders is being
criticized with increasing frequency by physicians, psychopharmacologists and
parents alike. Questions have been raised concerning the extent to which
children in classrooms are being medicated to maintain an orderly, quiet
classroom rather than meeting the therapeutic needs of the child. Since the

long-term consequences of chronic drug usage in children to control "undesir-
able" kinesthetic behaviors is unknown, the soundness of this health practice
is being increasingly questioned. These concerns have naturally led to the

consideration of other therapeutic techniques that are not pharmacological in

nature for the treatment of the kinesthetic behavioral disorders. There are
three different behavioral therapeutic approaches that have met with some
success in the treatment of the development kinesthetic behavioral disorders
but which require systematic study and evaluation. These are: a) behavioral
modification, b) bio-feedback training, and c] the somatic therapies.

Impact of Childhood Illness on Child Development

During pregnancy, the fetus exists in a protected environment, dependent on the
maternal defenses and placental functions for its well being. Before birth,
maternal antibodies readily pass through the placenta so that one finds maternal
and cord sera levels of antibodies to be comparable. However, at birth,
immediate cessation of antibodies supplied from the mother occurs. At this
time, an extremely important function in normal growth and development is the
ability of the human organism to protect itself in a hostile external environ-
ment. Proper body defenses require reactivity to and recognition of foreign -

ness in the guise of infectious agents (bacteria, virus, fungus, parasites),
pollens, dust, pollution from the external man-made environment, new forms of
nutrients, and chemicals such as drugs, salves and lotions. In addition, the
immune system is called upon to recognize its own cells as "self" and not
react destructively against them. There is also the continuous need for con-
stant surveillance to clear the body of old and worn out cells and to monitor
for the prevention of malignancy.
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However, it is a great oversimplification to talk only of antibodies. The
immune system involves many varied proteins and different types of cells and
cell products all of which interact constantly. To fully understand body
defenses, it is necessary to take an ontogenetic approach in the developing
infant. These factors influence or alter the immunologic system at various
age periods during maturation. To do this, it is frequently necessary to use
animal models to find answers.

Prematures are particularly vulnerable to increased morbidity. Infection is
one of the major problems of perinatal medicine. It has been found triat the
white blood cells which are the most aggressive defenders against pyogenic
infections and the first cells to enter infected or inflamed tissues have a
decreased capacity to kill bacteria in premature infants when compared to
full-term infants. Prematures also have diminished immunoglobulins (anti-
bodies) in their blood, probably owing to the combination of decreased ability
to produce adequate antibodies and decreased transfer of maternal antibodies
because of the shortened gestation. There are also certain antibodies (IgA)
which are produced and secreted locally at the mucous membranes of the
respiratory, genitourinary or gastrointestinal tracts, and since these anti-
bodies are present at the sites of entry of infectious organisms, they provide
local immunity. This class of antibodies needs careful study to better deter-
mine their function in specific host defense against infection.

The gram-negative bacteria are reported to be responsible for the majority of
systemic infections of the newborn. The neonate has been found to be deficient
in opsonic antibodies, the humoral factors which facilitate bacterial ingestion
by phagocytes. Opsonins include a series of serum proteins, collectively
called complement, other cofactors and specific immunoglobulins (IgM) which
are said to be the primary opsonins for the gram-negative bacteria. The
opsonins interact between the bacteria and cell membranes of phagocytes.
Continued study is needed to gain insight into specific mechanisms to properly
assess the number of phagocytes that can be mobilized in the neonatal period,
phagocytic function, and the process of opsonization and bacterial killing
during the newborn period.

The individual response to specific antigens such as bacteria, viruses and
other agents has been shown to have considerable variation. Current studies
have demonstrated a genetic basis for these differences. A mouse model has
shown that immune response genes exist, and over 30 such genes have been
identified. Studies in man indicate that these genes also exist in the human
although the evidence is indirect. The unknown gene product is known to act
on white blood cells, the T- lymphocytes , which then chemically communicate
information resulting in antibody production. Continuation of these efforts
could lead to better understanding of genetic factors controlling susceptibility
not only to infections, but also to cancer and certain diseases in man due to

production of antibodies by an individual against his own tissues (autoimmune
disease)

.

NICHD supported studies indicate that postnatal malnutrition in infants can
adversely affect immunologic competence especially in the area of cellular
immunity which is mediated by the T- lymphocyte, a white blood cell dependent
on the presence of the thymus at birth. A follow up of these same children
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after nutritional supplementation revealed that not all individuals showed

recovery of these immunologic parameters. It is possible that immunologic

deficits occur as a result of postnatal as well as prenatal nutritional

deprivation. Certain infants at a critical time in development may abolish

or significantly postpone the acquisition of normal cellular immune function

despite adequate postnatal nutrition. Thus, increased susceptibility to

infection may result. It is, therefore, important to focus on the immunologic

system when intrauterine or early postnatal malnutrition exists to better

assess body defenses. Such information is needed to understand possible
ameliorative efforts aimed at decreasing infant mortality.

Pharmacologic agents in pregnancy and the pediatric age groups are too

frequently used empirically, without available knowledge, to properly guide

the physician providing therapy. It obviously is not enough to reduce dosages

on the basis of continuing changes in the size, weight or chronological age

of the patient. More knowledge is needed on specific drug action in the
developing human organism. Without such knowledge, toxic levels as well as

inadequate therapy could result. These considerations are now especially
important because of the marked increase in the use and exposure not only to

therapeutic agents but also to environmental chemicals which are potentially
harmful to children.

Because of the smaller blood volume in infants and children, microassay
techniques are needed for the most extensively used drugs in pediatric popu-
lations, especially when continuous monitoring of blood drug levels is required.
A good example is digoxin, a drug widely used for treating pediatric cardiac
diseases. One investigator supported by NICHD quotes a survey figure showing
3.5 percent of treated hospitalized pediatric patients received digoxin.
Because of high toxicity and mortality figures in adult populations, it is no
longer considered adequate to prescribe this drug until toxic symptoms occur
and then reduce dosages to achieve the therapeutic dose. The above mentioned
investigator perfected a microassay technqiue using 0.1 milliliter of blood
for the monitoring of digoxin dosage and the diagnosis of digitoxicity. Such
techniques should be available for all drugs in common use in children, parti-
cularly when the margin of safety is low. It is an especially important area
of concern since new drugs are marketed continuously. The relatively new
technique of radioimmunoassay makes microassays feasible for future development.

The pharmacokinetics of drugs in the developing human is a research area of
great importance. Pharmacokinetics involves: absorption from the gastrointesti-
nal tract; distribution to body tissues with knowledge of the varied concentra-
tions found in different organs; metabolism of the drug which depends on
specific enzyme systems and substrates, and excretion of the drug or its
metabolite from the body through skin, mucous membranes, gastrointestinal or
genitourinary tracts. Drug interactions must be given careful consideration
in such assessments since multiple drug therapy is common today. Essential
considerations to such studies include the following: a) very small changes in
molecular structure in families of drugs can change safety and efficacy; b)
studies in animal models may provide limited information of drug action in
humans and apply only to the species under study; c) maturational changes which
are often quite rapid and of varying lengths of time in the developing human
organism make the developing fetus, infant and child unique when compared to
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adults. Therefore a research focus on periods of rapid developmental change

during the life cycle are especially important: pregnancy, prenatal and

immediate postnatal periods, and adolescence.

It is considered possible to do pharmacologic studies which provide new knowl-

edge and understanding in developmental pharmacology as well as in developmental
physiology. In other words, it is important to understand drug pharmacokinetics,
but there must also be emphasis on the effectiveness of the drug in producing
the expected responses in the individual who is being treated with the pharma-
cologic agent. Drug-tissue interaction must be investigated by looking at end-

organ response and specific tissue receptors in animal models and humans,
concentrating on drugs used during pregnancy and in the treatment of specific
childhood diseases. There must always be an awareness that animal species
respond differently and that consequently findings in animals cannot be
unreservedly transposed to man. The administration of therapeutic drugs
during pregnancy must not only consider the effectiveness of the drug in the
mother, but also its potential for crossing the placenta and producing a

response in the fetus. An awareness of possible teratogenic (monster-producing)
consequences of maternal drug therapy must remain a paramount issue in drug
research.

The Branch supports considerable research aimed at documenting the effects of
various kinds of impoverished environments on the development of infants and
children. One such environment is the milieu that often develops in a family
with a chronically ill child. The assumption of such research is that so many
family resources (e.g., time, love, energy, money) are spent on the sick child
that the apparently nondiseased siblings may be affected as a result.

Now that the problem has been identified, the biomedical community must respond
to it. The nature and magnitude of the impact of chronic illness on the family
of the afflicted child, particularly of non-ill siblings, must receive atten-
tion if the problem is to be ameliorated.

Problems of Growth and Physiologic Maturation

One of the most exciting areas of biological investigation is the control of
the flow of information within cells. Research is devoted to furthering our
understanding of mechanisms of control of the flow of biologic information
that operate at the molecular and cellular levels. The number of ways growth
and development might err is infinite; there is only one right way, yet this
orderly way nearly always takes place. This miraculous system of molecular
control continues to be of central interest.

More than 1800 genetic diseases have been described in man, but the identity
of the chromosomes which carry these mutated genes remains unknown in nearly
all cases. Because of the long generation time in humans, much more is known
of the genetic map of the mouse than of man. However, the advent of the
technique of somatic cell hybridization has enabled geneticists to short-
circuit man's generation time. Recently, a grantee made use of this technique
and produced chromosomal maps for many groups of human genes . It has now
become possible to accomplish what seemed a hopeless task, the construction
of a genetic map for man and the identification of the abnormal genes that
determine human hereditary illness.
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The realization of genetic engineering, i.e., replacing defective genes or
gene products with normal material, remains a long-term goal of the Growth
and Development Branch. Already some cases of Fabry's disease have been
treated by replacement of the missing degradative enzyme. Continued work by

geneticists supported by this Branch on the physical isolation of single human
genes, coupled with a greatly accelerated pace of mapping the human genome may
lead to the day when genetic engineering is commonplace.

During an individual's growth and development there must be a continual flow
of information back and forth between his cells and the whole organism. An
example of this kind of flow of information is the development of hormonal
rhythms and their responsive relationship to the brain, the emotions and the
environment. Maturation of mammalian neuroendocrine feedback circuits occupies
a central area of programmatic interest. Another subject of vital concern in

the area of developmental endocrinology is the understanding of the mechanism
of action of human growth hormone and the development of ways to manufacture
this critical hormone synthetically.

Puberty provides us with an excellent model with which to study mechanisms of
control over the flow of biological information. The control of the timing of
the onset of puberty is a fascinating problem. During adolescence, quiescent
cells and tissues undergo a profound reawakening. Some of the hormones which
initiate this arousal such as testosterone and progesterone are well known;

others such as gonadotropins and growth hormone are less familiar but perhaps
more important in triggering the adolescent metamorphosis. Growth hormone,
for example, produces the dramatic growth spurt at puberty. Unfortunately
there are about 4000 children in this country whose pituitary glands secrete
insufficient amounts of this hormone. These children are destined to attain
a final stature of less than four feet unless they receive frequent injections
of growth hormone. This vital substance, now in such short supply as to

require rationing by the National Pituitary Agency, costs $6.00 per milligram.
Three grantees working together on a program project since 1969 have success-
fully isolated active fragments of the molecule, bringing the goal of synthe-
sizing growth-promoting polypeptides much closer. A spin-off from this
research on growth hormone has been the discovery of the striking effect of
the hormone on the muscles of patients afflicted with muscular dystrophy.
The ravages of some forms of this disease were reversed by small doses of the
hormone, probably by augmenting protein synthesis. This discovery may herald
the day when growth hormone becomes a useful therapeutic agent for these
unfortunate, wasted patients.

In the area of the endocrinology of adolescence t"he two problems of short
stature and delayed onset of puberty will continue to receive special attention.
Research aimed at identifying the active site of the growth hormone molecule
will continue. Once this molecular fragment has been isolated, the task of
chemical synthesis of an active polypeptide will be greatly simplified. The
achievement of high yield synthesis of a bioactive growth hormone-like poly-
peptide will eliminate the costly and tedious procurement of the nature hormone
from approximately 80,000 human cadavers per year and will permit hypopituitary
children to grow taller, unfettered by the present need for rationing.

Opportunities for research abound in this area of control of pubertal onset.
Certain parts of the brain have only recently been characterized as endo-
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crinologic in nature, particularly the hypothalamus and the pineal. Other
parts of the brain seem to act as a biological clock which signals the hypo-
thalamus when to alter its feedback sensitivity to steroid hormones. Future
activities in this area will include an expansion of research by endocrinolo-
gists on the brain itself, treating it as a master endocrine organ.

Delayed onset of puberty and hypopituitary dwarfism are peculiar to adolescence
and may be regarded as developmental diseases. They occur when part of the
normal process of maturation goes awry. Other diseases that occur as byproducts
of maturation and that have an extremely high incidence in adolescence are:

acne, pubertal gynecomastia, amenorrhoea, obesity, anorexia nervosa, and
accident proneness. These conditions are produced by the stresses of matura-
tion, both physiological and psychological. Little is known mechanistically
about any of these conditions of maldevelopment and maladaption. As part of
the Adolescent Program of the Growth and Development Branch these special
problems, many with important societal fallout, will be studied during the
coming years.

The scope of Growth and Development Branch support of research on physical
growth reflects the extent to which growth and maturation of each individual
is determined by the interplay of numerous forces and processes. Special
attention is being addressed to the time-related effects of the multitude of
factors existing within the individual and in his physical and social environ-
ment which direct his development.

Several ongoing projects are directed toward development of normative data
relating to growth of various specific tissues and/or the entire body under
favorable conditions. The Branch supports a limited number of projects seek-
ing to measure the influence of the genetic endowment and interactions
between genotype and environmental factors on physical development. Other
projects are directed toward a better understanding of the relative importance
of special stress factors such as prematurity and/or congenital defects,
enzymatic deficiencies resulting in intolerance to specific dietary components,
marginal nutritional intake, vegetarian diets, or the interplay between poor
nutrition and inadequate sanitation on physical growth. A number of projects
referred to in previous sections explore the influence of malnutrition on
youth and physiologic maturation.

Measures of physical growth are extemely useful and commonly used in evaluating
and following the developmental progress of children. Anthropometric measure-
ments, however, do not provide sufficiently accurate indices of body composi-
tion, maturational status, or physiological state" of the individual. Valid
assessment of these parameters of physical development is more critical than
measures of growth per se in many situations where deviant growth i.s observed.
For example, the growth-retarded child will differ markedly in body composition,
maturational and physiologic state, and nutrient needs than his contemporaries
in either body size or chronological age.

GDB is supporting a number of projects seeking to develop improved and more
easily applied tools for this important area of clinical medicine. Some pro-
jects are extending the body of normative data on physical growth and corre-
lations of body measurements with body composition. One project seeks to
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establish correlations between growth in adolescence and lean body mass, body

water, and fat with changes in blood levels of testosterone, estrogen, luteinizing

hormone and follicle-stimulating hormone. A new and greatly improved method for

the prediction of adult stature for individuals has recently been perfected

with GDB support and currently is being computerized under grant support.

A number of investigators from various countries have reported in the literature

that regular exercise and/or physical training results in increased maximal

oxygen consumption, greater work capacity and increased endurance in boys and

girls. No longitudinal studies of the effects of exercise on physical develop-

ment of humans have been identified. Numerous short-term studies indicate that

while there is no direct influence on rate of growth or ultimate height, weight

or body composition of normal individuals, regular exercise in childhood and

adolescence appears to be associated with a reduced level of body fat. Animal

studies indicate that prolonged endurance exercise throughout the growth period
mediates a sex difference in response: females gain weight at the same rate

as sedentary controls, whereas males have lower body weights than freely eating

sedentary controls.

The currently available epidemiological data and indirect measures of the bene-
ficial effects of exercise on humans during growth, and for the maintenance of
good health, need to be further tested through basic, longitudinal studies on
boys and girls. Indeed, this need is urgent in view of the probability that
the low level of food intake required to stabilize body weight of sedentary
individuals is likely to result in deficient intake of several essential
nutrients. Research on possible behavior-developmental benefits of exercise,
i.e., reduced vulnerability to "psychic stress," enhanced personal image,
feeling of enhanced well-being, and more prudent behavior relative to eating,
smoking and drug consumption- -whether by-products of or independent of possible
physiologic, metabolic and nutritional effects--should be supported by NICHD.
No projects are funded in this research area at the present time.

Even under extremely adverse social, environmental and nutritional situations,
most individuals mature biologically, intellectually and socially to the
extent that they can function and are considered as normal members of society.
For example, most of the contemporary leaders in the U.S. grew up and matured
during the depression and war years of the 1930 's and 1940's. How is it that
the vast majority of individuals either are not affected by, or can compensate
for insults which by most definitions would place them at a severe disadvantage?
Can this be explained by variation between individuals, or by the interplay of
a number of biological and cognitive compensating mechanisms? On the other
hand, are current definitions unrealistic as indices of conditions which are
effectively "adverse?" Little is known about this phenomenon. A better
understanding of how normal development and functioning is achieved under
adverse conditions would be helpful in the design of strategies and actions I

to prevent and control abnormal aspects of development.
|

i

NICHD is currently supporting research seeking to define whether the observed
small body size of populations living under long-term conditions of continuous '

socioeconomic deprivation may reflect the existence of adaptive mechanisms in
some individual which come into play under adverse conditions. An alternative
explanation could be that the genetic endowment resulting in individuals of '
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small body size or delayed growth and maturation affords an advantage. The
hypothesis of the investigator is that individuals of larger size, who in
effect may be living under greater environmental and nutritional stress, would
be at special risk of increased morbidity and mortality. Another project seeks
to define how physical growth and susceptibility to specific types of diseases
may be influenced by exposure to drastic environmental changes through migra-
tion. Another study is measuring the adequacy of physical growth, antibacterial
defenses and antibody responses to natural measles infection and measles vaccine
of infants and children at risk of malnutrition and recurrent infections.
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Contract Number: NOl-HD-1-2420

Contract Title: Research Materials and Assistance for Studies of

Language Development in Children
Contractor: Haskins Laboratories, New Haven, Connecticut

Franklin S. Cooper, Ph.D.

Money Allocated: $59,174

The purpose of this contract is to provide specialized facilities and expert
assistance to research scientists at other institutions (user groups) who
are engaged in language studies relevant to children. In June of 1974 the
contract was renewed for another 18 month period to continue to provide these
services. In general, three kinds of assistance are provided to scientists,
most of whom are working on research projects of direct interest to NICHD:

1. Research materials. Stimulus tapes for a wide variety of experiments
constitute the primary direct assistance provided under this contract. Several
methods of generating recordings suitable for research on spoken language are
available including natural speech, synthetic speech, and nonspeech sounds and
noises prepared for presentation on either single-track or dual-tract.

2. Specialized assistance. Professional and technical staff of Haskins
Laboratories make available their knowledge and skill in the preparation of

synthetic and natural speech recordings and in the use of their unique computer
facility for generating precisely controlled binaural tapes.

3. Research training. A by-product of the visits by user groups has been a

training experience in the status and methodology of basic speech research and
an opportunity to gain some familiarity with the laboratory's entire program
of research in speech which is supported in part by the NICHD.

During the first six months of the current renewal 25 investigators visited
the Haskins Laboratories a total of 118 days to receive research assistance.
A similar number of visits may be expected during the second six months. The
projects for which users have requested assistance have, in general, clustered
around a few types of problems: auditory discriipination in infants, language
discrimination as a function of the child's age, and lateralization and
dichotic effects as indicators of language processes.

One senior investigator at the University of Washington, who is supported by
NICHD to study language development in children, has stated, "Were it not for
the contract between NICHD and the Haskins Laboratories to provide (synthetic
speech) stimuli, our research would be considerably slowed down. In addition,
I found the research staff at the Haskins Laboratories to be extremely help-
ful in seeing to it that we got precisely the stimuli that we needed for our
research project."
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Contract Number: NOl-HD-5-0640
Contract Title: Study of Relationship Between Nutrition and

Behavioral Development
Contractor: Pan American Health Organization, Institute of

Nutrition for Central America and Panama
Robert Klein. Ph.D.

Money Allocated: 6/17/65 - 2/28/75: $3,931,768
3/01/75 - 2/28/76: 699.610

This contract has been designed to contribute additional knowledge of the

relationship between nutritional status and physical, psychological, and

social growth. Two pairs of small villages (aldeas) of approximately 650

inhabitants each have been matched on a variety of sociocultural variables.
In one village of each pair a dietary supplementation program is provided
with special effort made to include in this supplementation program every

preschool child and pregnant woman in the village. "Atole". a high
protein food supplement, is made available to every person in the village
who wants it. In the control villages medical service is offered, with a low

calorie-vitamin-mineral supplement provided as well. Thus a sample of well-

nourished preschool age children can be compared on relevant dimensions with
a sample of medically treated preschool children raised under the dietary
conditions more nearly characteristic of the area. Children will be followed
from birth until about five or six years of age, at which time effects of

differences in nutrition should be clear.

Four years of enrollment of pregnant women and their offspring were completed

in February, 1973. This constitutes the basic population for long-term study
of the effects of the supplementation program. Analysis of the data have

shown that maternal supplementation is related to birth weight of the infant;

the greater the supplement consumption, the greater the birthweight. Calories

appear more important than protein in achieving this effect. Supplementation
of the growing child similarly significantly increases growth rate; both
protein and calories contribute to this improvement. Behavioral data are

now available for all children through age two years and for some children

to age 4 years. Significant increases in behavioral test scores are seen in

those children who have been well supplemented with the protein-calorie "atole"

since early pregnancy, compared to those who participated poorly or not at all

in the supplementation program. Preliminary analysis of the data suggests

that supplementation during pregnancy may be more important in terms of
behavioral development than does supplementation during postnatal growth. The

study and data analyses are continuing.
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Contract Number: NOl-HD-2-2737

Contract Title: Analysis of Data from an Ecological Study of Infection,

Malnutrition, and Growth of Children in a Guatemalan

Indian Village

Contractor: Pan American Health Organization, Institute for

Nutrition in Central America and Panama
Leonardo J. Mata, D.Sc.

Money Allocated: 4/1/72 - 5/31/74: $137,450 (U.S. - Japan Cooperative

6/1/74 - 5/31/75: 23,688 Medical Science Programs Funds)

The primary objective of this two year contract was the analysis and

publication of the data from a longitudinal study of nutrition, infection

and growth among pregnant and lactating women, infants, and young children

in a small native village in Guatemala. Throughout the study attempts
were made to interfere only minimally with the natural ecosystem of the
village and family. Approximately 45-50 babies have been born per year
in this village, providing a population in excess of 400 newborns over
the eight year study period (1964-1971). Growth and morbidity data have
been obtained on all children. More detailed studies on neonatal infections,
their nature, and origin have been done on 350 children. Within this latter
group, 45 [representing 50% of those born during 1965-1966) were identified
for intensive study from the prenatal period through the first seven years
of life. Regular data were obtained on these children concerning height,
weight, days of illness, dietary intake and nutritional status, and
infections and colonization of the intestine as indicated by weekly stool
samples. Twelve of these had more intensive work-up of patterns of develop-
ment of indigenous microflora.

During this fiscal year, the contract has been completed with a final manu-
script of a monograph delivered to NICHD. This monograph is comprehensive
in its treatment of the data and highly innovative in its interpretations.
The author is planning to publish the monograph for use by the scientific
and public health communities.
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Contract Number: NOl-HD-4-2859
Contract Title: Interactions between Malnutrition and Infection: Anti-

bacterial Defenses in the Newborn and Responses to Measles
Virus in Malnourished Children

Contractor: Pan American Health Organization, Institute of Nutrition for
Central America and Panama (INCAP)

Juan J. Urrutia, M.D., Michael Katz, M.D., and Gerald T.

Keusch, M.D.

Money Allocated: $101,655 (U.S. -Japan Cooperative Medical Science Program
Funds) , FY 1974

The two concurrent studies being conducted under this contract represent
extensions of the long-term investigations carried out by Dr. Leonardo Mata
on the ecology of infection, malnutrition and growth of children in a Guate-
malan Indian village. Samples and the data base supporting both studies are
being provided by an ongoing project funded by the Agency of International
Development.

In Project 1 (Dr. Keusch) , the antibacterial defenses of the newborn are
evaluated by (a) assessing phagocytosis-associated metabolic activity of cord
blood neutrophils, (b) measuring opsonic antibodies of cord sera, and (c)

determining intracellular bacterial activity of cord blood neutrophils.
Preliminary data suggest that low birthweight may be associated with decreased
antibacterial function of whole cord blood, and that, in addition, some infants
may manifest a more severe abnormality independent of birth weight.

Dr. Urrutia has recently replaced Dr. Mata as co-investigator on this contract
due to Dr. Mata's resignation from INCAP.

In Project 2 (Dr. Katz), the ability of malnourished children to elicit and
maintain appropriate humoral antibody response to measles vaccine and natural
measles infection is being determined. An attempt is also being made to
isolate wild measles virus (es) from this population as a means of considering
relative agent/host factors responsible for the severity of measles in Guate-
malan children. Results to date indicate that cytopathic agents not resembling
the measles virus are responsible for the severe acute clinical disease often
diagnosed as measles.
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Contract Number: NOl-HD-1-2088
Contract Title: Non-Human Primate Colony
Contractor: University of California, Davis, California

Dr. Andrew Hendrickx
Money Allocated: $253,000 (FY 1974)

Under this contract, a colony of rhesus monkeys (Macaca mulatta) of known
medical, reproductive and genological history is being developed at the
California Primate Research Center, University of California at Davis. This
colony serves as a resource of research animals of known quality from a

standardized environment for investigators whose research is funded by the
NICHD.

Animals of many stages of development including dated pregnancies, embryonic
and fetal material, neonates of known gestation, mother-infant pairs, juveniles
of known age, as well as certain biopsy material, tissues and fluids, are
being made available to selected investigators, all of whom must be directly
supported by NICHD. Application for animals is competitive and allocation is

determined by an advisory committee which also advises on colony and contract
management. Animals are shipped to recipient scientists throughout the
country; a limited number of investigators can also be accommodated in visiting
scientists' facilities on-site. Funds from the sale of animals are used to
offset the costs of future contract years. Biological and behavioral data
profiles are compiled and incorporated into the computerized record of each
animal. This information is available to recipient investigators.

Demand for animals from this resource has reflected the rapidly increasing use
of rhesus monkeys in recent years as a model for the human in biomedical
research. Accordingly, a moderate expansion in colony size to a total number
of 580 was undertaken during the fourth contract year. Breeding females are
utilized primarily by investigators in studies requiring closely-timed preg-
nancies. Investigators acquired 83 animals from the resource during the
contract year; in addition, 28 animals were involved in studies under visiting
scientist arrangements.
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Contract Number: NOl-HD-4-2863
Contract Title: Steroid Hormone Effect on Sebaceous Gland Secretion and

Acne Development
Contractor: Boston University School of Medicine

Peter E. Pochi, M.D.

Money Allocated: $127,582

Contract Number: NOl-HD-4-2864
Contract Title: Effects of Steroid Hormones on Sebaceous Gland Secretion

on Development of Acne
Contractor: University of California at Los Angeles, School of Medicine

Gail Sansone-Bazzano, Ph.D.

Money Allocated: $83,800

The Growth and Development Branch began supporting two contracts within the

past year aimed at elucidating the pathophysiology of acne. Acne is in part
a hormonal ly mediated disease which accompanies the onset of puberty and which
in many individuals produces chronic scarification of the face, shoulders and
back. In fact, dermabrasion for acne is now the most commonly performed minor
surgical procedure in the United States.

The aim of these two contracts is to study in a longitudinal manner the hormonal
changes of adolescence and their association with changes in sebaceous gland
secretion and onset of acne. Dr. Pochi 's group has so far: (1) assembled a

group of 30 children between ages 6-9 for longitudinal investigation of their
sebaceous gland maturation and their urinary hormone excretion. His group is

also studying: (2) steroidal influences on sebaceous gland lipogenesis in^ vitro ;

and (3) receptor protein binding and androgen metabolism in the sebaceous gland.

Dr. Sansone-Bazzano 's group has so far: (1) assembled a group of 24 prepubertal
subjects in which to study changes in sebum composition during puberty with
special reference to quantitative analysis of wax ester, triglyceride and

cholesterol ester content; (2) begun iii vivo studies of hormonal induction of
lipogenesis in sebaceous glands via intradermal injection of testosterone in a

group of 30 adult women volunteers; and (3) attenjpted in vitro to vary the

composition of sebum by manipulating the hormonal milieu.

Progress during the first year on both of these contracts has been gratifying.
Their initial results look promising, their techniques are working and their

recruitment programs have been successful. Both groups will be submitting
contract renewal applications for FY 76.
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Contract Number: NOl-HD-2-2069
Contract Title: Immunologic Responses of Normal and Malnourished Infants

to Standard Antigens

Contractor: University of California, Los Angeles, California
Charlotte G. Neumann, M.D., M.P.H. and Richard Stiehm, M.D.

Money Allocated: None in FY 1974

The main objective of the project is to study humoral and cellular immune

responses to standard antigens in normal and malnourished infants, with special

emphasis on identifying changes due to nutritional deficiencies. The UCLA
laboratory has developed methods for immunologic and nutritional assessment
of malnourished populations in Ghana, Africa, which will be pretested on a

small sample of North American children. Well nourished controls for the mal-
nourished children will be selected on site in Ghana.

Three groups of subjects are studied: (1) 34 hospitalized Ghanian children
with severe malnutrition; (2) 42 ambulatory Ghanian children with moderate
malnutrition; and (3) 41 age-matched Ghanian children without malnutrition.

The testing to be employed consists of: (1) A battery of immunologic testing
including studies of deficiencies in antibody immunity, cellular immunity,
granulocyte function, and opsonic function; (2) Assessment of nutritional
status to include clinical nutritional assessment, anthropometric measurements,
and biochemical assessment of nutrients; and (3) Other studies to include
routine hematologic studies, thick blood smears for malaria, stool exam for
ova and parasites, and sickle cell preparations.

A summary of the findings are as follows:

This contract was funded for 30 months and showed increased prevalence of
infectious processes in the malnourished population and atrophy of tonsillar
tissue and reduced total circulating lymphocytes. Depressed cutaneous delayed
hypersensitivity, diminished in vitro responsiveness of lymphocytes to PHA
stimulation and decreased circulating T-cells assessed by rosette formation
techniques indicated a depression of cellular immunity while humoral immunity
appears intact. No striking changes were noted in phagocytic or opsonic
functions.

This depressed cellular immunity can contribute to marked susceptibility to
many infections, notably measles, herpes simplex, tuberculosis and gram-
negative infections. These infections may perpetuate a vicious cycle of
further malnutrition not only through reduction of food intake but through
the negative nitrogen balance produced by the catabolic effect of measles and
other infections. In addition, the above infections may in themselves depress
cell-mediated immunity; thus new infections emerge or existing infections can
become more severe.
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Contract Number: NOl-HD-4-2816
Contract Title: Electrophysiological Studies of Brain Function in Malnutrition
Contractor: St. Josephs Hospital, Lancaster, Pennsylvania

David B. Coursin, M.D.

Money Allocated: $90,000

The primary research objective of the past contract period was to demonstrate
that the PAC cassette tape recorder system was capable of recording EEC signals

and evoked potential signals comparable to a more expensive instrumentation
tape recorder, specifically, the AMPEX FR 1800 L.

Quantitative analysis of 30 subjects EEC and cortical evoked responses to audi-

tory and visual stimulation was specified to determine the reliability and
validity of the PAC recording system. The results of testing on 20 subjects
was reported in detail (data analysis of the 10 remaining subjects has

yet to be completed but will be accomplished when Saltzberg's computer facility
will be re-established within the Department of Engineering, Tulane University.)

Visual (clinical) inspection of the records from the two recording systems
yielded no observable differences. Quantitative analyses of various kinds
demonstrated essential equivalence of the two recording systems. Power spectral
analyses indicated that minor and insignificant differences were observed in

the frequency range beyond 2OH2. Specifically, the percent difference between
the systems over the range of to 50 H2 is less than .2 per cent.

In the reporting of results. Dr. Marmarou and staff outlined in meticulous
fashion the data recording procedures; format of data logs; protocol for iden-
tifying signal artifacts; and management of data transmission between St.

Josephs Hospital and Tulane University.

The reviewers unanimously agreed that it was satisfactorially demonstrated
that the quantitative analyses of the artifact-free EEC and cortical evoked
potential recordings obtained on the PAC cassette recorder was essentially
equivalent to that obtained with the more costly recordings obtained from the
AMPEX FR 1800 L. (The cost of a cassette tape recorder is approximately $250,
whereas the cost of a standard instrumentation recorder like the AMPEX FR 1800 L

is approximately $18,000.)

The secondary objective of the past year's contract period was to design but
not fabricate a totally portable EEC acquisition and recording system. It is
planned to complete the development of the instrumentation such that a battery
operated (portable) EEC and cortical evoked potential acquisition system will
be realized for field studies. We anticipate that the total cost of the PAC
system when completed will be at least 1/20 of the cost of traditional EEC
acquisition systems.
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This fiscal year was a transitional one for Epideniiology and Biometry.
Samuel Greenhouse, the Associate Director, retired, and was not replaced
until June. Till that time, personnel actions to replace turnover in

professional staff were held in obeyance. The effect was particularly
serious in Epidemiology, where the end of the year found us with only one
epidemiologist. Biometry was affected as well, not through loss of its own
personnel, but indirectly through fewer interactions with the epidemiologists.

The remaining staff were remarkably productive, nevertheless. As in the

past, activities were split between service to the rest of the Institute
and research arising from within these Branches. We have continued to

attempt to support a program in research in sudden infant death syndrome,
a problem of high priority in the Institute. Staff served as project
officer on three contracts in this area.

Studies of the theoretical adverse effects of amniocentesis and of photo-
therapy in the treatment of bilirubinemia continued. A smaller clinical
trial on cystinosis also was initiated in conjunction with intramural staff.
An expertise has developed in handling these studies that will be an impor-
tant resource in the future. The Institute should continue to be alert to

new developments in obstetrics and pediatrics that are opportune for clinical
trials or analysis of existing data. These are seen by our staff as an

essential role that we can play in the evolution of safe effective procedures
in the clinical areas that we are responsible for.

Consultation with staff throughout the Institute remained a major activity.
The Office takes pride in its ability to be responsive to needs expressed by
staff throughout the Institute. These requests range from a rne minute
phone call to an extended collaboration over a period of months leading to

a joint publication. Though our staff is small, we attempt to develop
breadth in statistical-epidemiologic skills. Assistance is sought on topics
ranging from questionnaire design to time-series analysis.

Toward the end of the year, staff were active in coordinating data from
several states that linked infant mortality with information on the birth
certificate. If we can do this, an important epidemiologic resource will
emerge that will permit a number of analyses of infant mortality that are
not now possible. These include the role of gestational age and birthweight
in infant death, specific for maternal age, race and parity. The last time
such data were made available above the State level was in 1960. Such
information must be provided more currently.

Professional staff within this office regard it as imperative that they
continue to contribute to the scientific literature. A list of. papers
published within the year is attached which indicates our success in this
goal.
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The personnel of the Biometry Branch have been primarily engaged in three
activity areas. The first is to perform the functions of a data center for
two national collaborative studies of obstetric and neonatal practice, amnio-
centesis and phototherapy for bilirubinemia

.

The second activity is that of statistical consultation to professional
personnel in the Institute. Finally, the staff continues to conduct research
activities of its own, most of it consisting of new statistical methodology
devised for consultations performed within the Institute.

Specific Activities of the Branch

A. Data Center Functions

The Branch serves as a data center for three major health studies involving
several clinical centers. The three studies processed within the Branch
this year are a study of the risks of amniocentesis, a clinical trial of
phototherapy in the treatment of bilirubinemia, and a clinical trial of the
treatment of cystinosis. The amniocentesis study was nearly completed in
its data collection phase and considerable effort was given to producing
high quality data tapes and analyses through the neonatal period.

In the bilirubin study recruitment of the cohort was completed and plans laid
for long term follow-up.

B. Research

The research interests of Branch members are reflected by their publications
and by the contracts initiated from within the Branch.

One staff member's interest in the analysis of time series data led to

publications on ultradian rhythms and phase alterations in sleep-waking
periodicities in the developing infant. The latter, in particular, is an
important new area of research of possible relevance to sudden infant death
mortality.

Collaboration with the Epidemiology Branch continued to prove fruitful, leading
to publications in birth weight as a risk factor for fetal viability, in the
epidemiology of sudden infant death syndrome, and in the relationship between
dizygotic twinning and the incidence of selected congenital malformations.

Research in methods to analyze data seen in analytic problems common to the
Institute continued, resulting in publications on summary statistics for
curvilinear relationships and for toxicity and efficacy in contraceptive
trials

.

The contracts in which members of our Branch serve as project officers are
extensions of our research activities. Newly published data analyzed by our
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staff on the precursors to stroke in women who use steroid contraceptives

provide an example.

Likewise, the effort of the Branch to develop a system to monitor for

epidemics of congenital malformations is now bearing fruit. The first joint

report of our Institute and the Center for Disease Control was released this

year. The Institute's role in initiating this system is near completion and

we entered our final year of support.

C. Consultations

One of the important functions of the Branch is to provide consultative support

to staff of the Institute requiring it. It is apparent that our small staff

is now well known throughout the Institute, since requests for their services
are now rather frequent.

Most consultations come from Intramural scientists and require our assistance
over short intervals on very limited problems. Sometimes, though, they involve

larger data sets, and may extend over longer periods of time.

Extramural scientists also call on us rather frequently, primarily with respect
to the planning review of contracts. Our statisticians are very active in the
programs of aging, perinatal biology, the Center for Population Research, and

the Epidemiology Branch.

A list of some of the more significant consultations follows:

1. Drs. Joseph B. Schulman (Neonatal and Pediatric Medicine Branch, NICHD)
and Jerry A. Schneider (Department of Pediatrics, UC at San Diego). A
randomized, double-blind, controlled clinical trial of Vitamin C in the treat-
ment of cystinosis; providing estimates of the required number of patients
and study duration; and collaborating in the design of the data collection
forms; serving as the data collection and analysis center for the trial.

2. Drs. Rachel Schneerson and John B. Robbins (formerly of the Developmental
Immunology Branch, NICHD: presently with Division of Biologies, FDA).
Statistical analysis of antibody response data in a study of adult immune
response to innoculations with E. Coli and the capsular polysaccharide of
Haemophilus influenzae type b

.

3. Dr. Nathan Shock (Gerontology Research Center, NIA) . Estimates of required
sample sizes and of the corresponding sensitivity of experiments designed to
study a number of organ-specific pathologies and their change in prevalence
with age in a variety of strains of rats.

4. Dr. Thor Fjellstedt (Laboratory of Biomedical Sciences, NICHD). Statistical
procedures to test for differences (and assess their magnitude) among rate
parameters derived from weighted regressions of initial velocity data in enzyme
kinetic studies.

5. Drs. James Hansen and Griff Ross (Reproduction Research Branch, NICHD).
Statistical analysis of gonadotropin hormone determinations, collected for 60
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consecutive days, smoothing techniques were developed to examine the question
of cyclicity in peri-menarchal girls.

6. Drs. Ronald Easley and Lynn Loriaux (Reproduction Research Branch, NICHD)

.

Analysis of adrenal, gonadotropin and androgen hormone determinations taken

every 20 minutes for 24 hours. Cross-correlation and spectral analysis
methods are being used to assess the lagged relationship between these hormone
levels in healthy, young adult males.

7. Drs. David Ailing and Carl Brandt (NIAID) . Statistical and epidemiological
analysis of the occurrence of respiratory syncytial virus (RSV) infection in

patients residing in the Washington metropolitan area and admitted to the

Children's Hospital during the past 15 years. Epidemic curves, successive
major-minor outbreaks, and seasonal incidence are all being examined in this
data.

8. Dr. Don Gibson (Adult Development and Aging Branch, NICHD and Dr. Albert
Jonas, Yale School of Medicine). Characterization studies of the F344 inbred,
male Fischer rats in the aging colony maintained at the Charles River Breeding
Laboratories, Wilmington, Massachusetts. Life table and other statistical
techniques are being used to establish baseline information for the use of
these rats in aging research.

9. Dr. Richard Sherins (Reproduction Research Program, NICHD). Analyses of

laboratory data from infertility clinic for men.

10. Dr. Griff Ross (Acting Scientific Director, NICHD). Sample sizes for

studies of outcome of pregnancy in women treated for malignancy of the

reproductive tract.
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Biometry Branch

Contract and Collaborative Research

Contract Title : Epidemiologic Study of Breast Cancer and Benign Breast
Lesions in Relation to the Use of Ovarian Hormones

Contractor : Institute of Oncology, Ljubljana, Yugoslavia

Money Allocated : 524,460 Yugoslavian Dinars

Objectives: To determine whether women who use oral contraceptives have an

increased risk of breast cancer.

Summary : This study is similar in design to contracts funded by our Institute

in the United States. Women with benign and malignant breast tumours are

interviewed concerning their previous use of steroid contraceptives. A
matched group of patients without breast disease will also be interviewed as

well as a group with benign breast disease that are not biopsied. Analyses
will be done to determine whether any increased risk of breast disease exists
in women who use steroid hormones.

Significance to Biomedical Research and Program of the Institute : This study
is an important part of the Institute's program to monitor the side effects

that have been proposed as potential sequelae to oral contraceptive use.

Proposed Course : The study was extended for an additional year, and will by

present plans be completed in FY 1975-76.

348



Contract Title
Contractor
Money Allocated

NICHD Annual Report
July 1, 1974 through June 30, 1975

Biometry Branch

Contract and Collaborative Research

Birth Defects Monitoring Program
The Center for Disease Control, Atlanta, Georgia
$298,560

Obiectives : To determine whether a monitoring system can be developed to

monitor and investigate outbreaks of congenital malformations and other
disorders diagnosed in the newborn.

Summary : At the present time. The Commission on Professional Hospital
Activities (CPHA) receives abstracts on all discharge diagnoses for newborns
in hospitals in which approximately one third of U. S. births occur. For
the purposes of this contract, tables will be provided to the Center for

Disease Control (CDC) which will continually review them for unusually high
rates of selected diagnoses. Where high rates occur, field investigations
will take place to determine their causes.

Significance to Biomedical Research and Program of the Institute : This study
is a natural extension of the interest of the Institute in the etiology of

diseases of the newborn.

Proposed Course : Reports are being issued from this study, so that the

original purpose, demonstrations of feasibility is nearly accomplished.
Funding from this Institute should terminate in FY 1975-76.

349



NICHD Annual Report

July 1, 1974 through June, 30, 1975

Biometry Branch

Publications and Talks

Publications

1. Ciaranello, R.D., Hoffman, H.J., Shire, J.G.M. and Axelrod, J.: Genetic

regulation of the catecholamine biosynthetic enzjnnes. II. Inheritance

of tyrosine hydroxylase, dopamine- B-hydroxylase, and phenylethanolamine

N-methyltransf erase. J. Biological Chemistry 249:4528-4534, 1974.

2. Hoffman, H.J. and Ciaranello, R.D.: Genetic regulation of the catechol-

amine biosynthetic enzymes: Statistical Appendix. J. Biological Chemistry
249:4535-4536, 1974.

3. Hoffman, H.J, Stark, C.R., Lundin, F.E., Jr. and Ashbrook, J.D.: Analysis

of birth weight, gestational age and fetal viability, U.S. births, 1968.

Obstetrical and Gynecological Survey 29:649-681, 1974.

4. Orr, W.C, Hoffman, H.J. and Hegge, F.W.: Ultradian rhythms in extended
performance. J. Aerospace Medicine 45:995-1000, 1974.

5. Harper, R.M. , Sterman, M.B., Hodgman, J.E., Hoppenbrouwers , T., Hoffman,
H.J. and Walter, D.O.: Phase alternations in sleep- waking periodicities
of the developing infant. Sleep Research 3:73, 1974

6. Spiers, P.S., Schlesselman, J.J, and Wright, S.G.: Sudden infant death
syndrome in the United States: A study of geographic and other variables.
Amer. J. Epid . 100:330-389, 1974.

7. Schlesselman, J.J. and Spiers, P.S.: Anencephaly, spina bifida and
dizygotic twinning: A review of the data of Stevenson et. al. Amer. J .

Epid . 101:14-16, 1975.

8. Seigel, Daniel G. and the Collaborative Group for Study of Stroke in
Young Women: Oral contraception and increased risk of cerebral ischemia
or thrombosis. New Eng. J. Med . 288:871-878, 1973.

9. Hren, M. , Tomazevic, T. and Seigel, D. : Ectopic pregnancy. In Andolsek,
L. (Ed.): The Ljubljana Abortion Study 1971-1973 . National Institutes
of Health, NICHD, CPR, Bethesda, Maryland; Tiskarna Slovenija, Ljubljana,
Yugoslavia, 1974, pp. 34-38.

10. Seigel, Daniel G. : Several approaches for measuring average rates of
change for a second degree polynomial. The Amer. Stat . 29:36-37, 1975.

11. Seigel, Daniel G. : Life table rates and person month ratios as summary
statistics for contraceptive trials. J. Steroid Biochem. In press.
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12. Spiers, P.S., Wright, S.G. and Seigel, D.: Water hardness and infant

mortality rates in the United States. Pediatrics 54:317-319, 1974.

13. Seigel, Daniel G. and the Collaborative Group for Study of Stroke in

Young Women: Oral contraceptives and stroke in young women -Associated
risk factors. JAMA 231:718-722, 1975.

Talks

1. Hoffman, H.J.: Review of lifespan data for inbred rat strains.
Conference on Animal Model Data and Information for Research on Aging.
Health Science Center, University of Texas, San Antonio, Texas,
14 May 1975.

2. Lamm, S.H. and Hoffman, H.J.: Environmental and/or genetic etiologies
of congenital malformation. An epidemiological view. Annual meeting
of the Society for Epidemiologic Research, Albany, New York, 20 June 1975.

3. Schlesselman, J.J.: Planning frequency of measurement and study duration
in longitudinal studies. Society for Epidemiologic Research, San
Francisco, California, 21 June 1974.
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Epidemiology Branch

The Branch performs epidemiologic studies in areas related to the mission of

the Institute and provides epidemiologic consultation to scientists in both
the intramural and extramural programs of the Institute. During FY 75 Branch
research activities focused on two segments of the Institute mission: 1) the

etiology and prevention of prematurity, and 2) the etiology and prevention
of infant mortality. Some Branch projects aimed at elucidating factors which
determine birth weight and length of gestation. Other projects were attempts
to describe infant mortality trends and identify factors affecting the trends.
Still other projects were concerned with the etiology of specific causes of
infant mortality: 1) Respiratory Distress Syndrome, the most important
single cause of death under 30 days of age; 2) Sudden Infant Death Syndrome,
the most important single cause of postneonatal death, and 3) congenital
malformations which are important causes of death throughout the first year
of life.

From a staffing point of view the Branch suffered greatly in FY 75. Both

Dr. Spiers and Dr. Lundin resigned their positions as epidemiologists. This
left Dr. Stark, the Branch Chief, as the only remaining epidemiologist.
Dr. Steven H. Lamm was hired to replace Dr. Spiers, but a vigorous recruiting
effort failed to secure a replacement for Dr. Lundin. Experienced epidemi-
ologists with appropriate training and demonstrated capabilities did not apply
for the position in spite of extensive advertising and person-to-person
recruitment efforts. Professor Tor Bjerkedal, Director of the Institute for

Hygiene and Social Medicine of the University of Bergen in Bergen, Norway,
was recruited to come to the Branch on a temporary basis to continue his
well-known work on infant mortality. At the last minute, however, the Branch
Chief was denied permission to consummate verbal commitments which had been
made to Professor Bjerkedal. The situation was further complicated by Dr.

Stark's resignation as well as other resignations which included Mrs. Weymouth
(secretary), Mr. Bell (programmer) and Mr. Jones (a Cooperative Work-Study
employee) o Mrs. Weymouth was replaced by Ms. Ann Bailey and a very well
qualified programmer was recruited to replace Mr. Bell. Because the Branch
contained only one epidemiologist, however, the actual hiring of Mr. Bell's
replacement was held in abeyance. Perhaps the final blow was the hiring
freeze which left repopulation of the Branch in doubt.

Notwithstanding the numerous setbacks, one recruitment action ended favorably.
Dr. Fiona Stanley, a young physician from Western Australia who will receive
her M. Sc. in Social Medicine from the London School of Hygiene and Tropical
Medicine in June 75, agreed to spend the 1976 calendar year in the Branch at

the expense of the Australian government. She will continue her own studies
of the association between poor thermoregulation and poor weight gain in
newborns, and she will join our ongoing study of the relationships between
birth weight, gestational age and infant mortality. This project is
especially relevant to her own needs because she has been charged by the
Australian government to establish an infant mortality monitoring scheme for
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Australian Aborigines and to use the scheme to reduce infant mortality.

Bibliography :

Lamm, S.H. and Sidel, V.W„: Public Health in Shanghai: An Analysis of
Preliminary Data. In Quinn, J.R. (Ed.): China Medicine as We Saw It .

UoS. DHEW, PHS, NIH. DHEW Publ. No. (NIH) 75-684. Wash. D.C., U.S. Govt.
Print. Off., 1974, pp 109-144.

Spiers, P.S.: Estimated Rates of Concordancy for the Sudden Infant Death
Syndrome in Twins. American Journal of Epidemiology 100:1-7, 1974.

Spiers, P.S.: Letter to the Editor. "Neural Tube Defects and Subfertility."
Lancet ii:548, 1974.

Spiers, P.S., Pietrzyk, J.J., Piper, J. M. and Glebatis, D.M. : Potato
Consumption and Neural Tube Malformations. Teratology 10:125-128, 1974.

Spiers, P.S., Schlesselman, J.J. and Wright, S.G.: Sudden Infant Death
Syndrome in the United States: A Study of Geographic and Other Variables.
American Journal of Epidemiology 100:380-589, 1974.

Spiers, P.S., Wright, S.G. and Seigel, D.G.: Infant Mortality and Water
Hardness in the United States. Pediatrics 54:317-319, 1974.

Talks :

White, N.B., Jr.: A Review of Certain Non- Parametric Tests for Spread.
George Washington University, April 24, 1975.
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Project No. ZOl HP 00500-04 E

1. Epidemiology Branch
2. ---

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Relative Efficacy of Two Prenatal Care Regimens

Previous Serial Number: HD-EB-4

Principal Investigator: Frank E. Lundin, Jr., M.D.

Other Investigators: Charles R. Stark, M.D., Charles U. Lowe, M.D.

Cooperating Units: Contra Costa County "ledical Services
State of California - Human Relations Agency
Alameda - Contra Costa Medical Association

Man Years

:

Total

:

1.6 years
Professional: 1.6 years

Other: none

Project Description:

Objective :

To determine whether pregnant medically indigent women indoctrinated by
nutritional lectures and by the physician at each prenatal visit bear
healthier babies and have less morbidity than comparable women treated with
a traditional regimen of weight restriction, diuretics and low calorie- low
salt diets. The women treated with nutritional education were not subjected
to weight control, diuretics nor low calorie-low salt diets.

Methods Employed :

Initially (Phase 1) the treatment group was compared with medically indigent
deliveries in the same hospital. A data procurement contract was used to
obtain coded abstracts for 5,615 case records of prenatal care and
deliveries at Contra Costa County Hospital over a period of five and one-half
years

. Records of infant deaths among these births were obtained from the
state of California, Department of Public Health. Later additional control
groups were obtained to answer several important questions with regard to
possible effects of the treatment (Phase II). Birth weights and gestational
ages before and in the early part of the treatment period were studied by
abstraction and tabulation of records for a 25-percent sample of births at
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Contra Costa County Hospital for the four and one-half period prior to

Phase I. To evaluate and correct for bias due to differential usage of

Medi-Cal payment to private hospitals, computer records of births to

residents of Alameda and Contra Costa Counties were obtained from the

state of California. These records contain birth weight and infant mortality
and identify deliveries financed by Medi-Cal during the years 1967, 1968,

and 1970. Finally, data for a random sample of approximately 600 Medi-Cal
deliveries in Contra Costa County were collected from private hospitals and

private physicians under the data procurement contract. Information which
was coded is comparable to that for Contra Costa County Hospital deliveries
in Phase I. End points include prenatal morbidity, infant and maternal
hospital morbidity as well as birth weight and gestational age. Code sheets

for Phases I and II were forwarded to NICHD for processing and analysis to

achieve the objectives of the study.

Progress

:

Data for Phase I have been edited, corrected and substantially analyzed.
Birth weight and mortality data for Phase II have been analyzed. Data for

the Medi-Cal sample of approximately 600 race-matched deliveries in private
hospitals has been abstracted but not processed. Two manuscripts which
describe completed analyses are in preparation. One details the effects of
the treatment on birth weight, gestational age and fetal and infant mortality;
while the other describes the effects on maternal and infant morbidity. Data
processing problems encountered in FY 75 have slowed production of the
manuscripts

.

Significance to Biomedical Research and Program of the Institute :

It is anticipated that this study will show that avoidance of gestational
weight control, avoidance of drugs, and special attention to nutrition will
result in no adverse effects to the infant and absence of the "toxemia of
pregnancy" syndrome.

Proposed Course :

Two manuscripts will be submitted for publication this FY. Additional
analyses will be done as time permits.

Honors and Awards : none

Publications: none
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Project No. ZOl HP 00501-01 E

1. Epidemiology Branch
2. ---

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Season of Birth and Incidence o£ Respiratory Distress Syndrome

Previous Serial Number: None

Principal Investigator: Nathaniel B. V/hite, Jr.

Other Investigators: Charles R. Stark, M.D., Gloria Johnson, Inez Roberts

Cooperating Units: The Commission on Professional and Hospital Activities
(CPHA) in Ann Arbor, Michigan, supplied the basic data
under a $8,419 data procurement contract.

Man Years:

Total: 10 weeks
Professional : 5 weeks

Other: 5 weeks

Project Description:

Objective

To perform a descriptive study of 1) RDS incidence by month of birth, and

2) risk of death from RDS and other causes by month of birth.

Summary

The 2,056,467 birth records that entered the CPHA record system between
January 1966, and June 1968, were arrayed in a giant multidimensional table
which was forwarded to the Branch on a magnetic^ tape . Table dimensions were:

1) live or dead at discharge, 2) birthweight <2,500 gms or >2,500 gms,

3) RDS or not RDS, 4) male or female, 5) racial origin, 6] method of bill
payment, 7) U.S. census region, and 8) month of birth. This table will
provide a basis for determining any association between risk of RDS and risk
of death before discharge from the nursery on the one hand and all of the
classification variables on the other.

Significance to Biomedical Research and Program of the Institute

A widely held clinical impression holds that RDS occurs more frequently in

summer months. If this clinical impression is in fact incorrect, the present
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study stands a good chance of providing strong evidence against the clinical
impression. If RDS occurs seasonally, the study will provide a firm
foundation for future studies designed to elucidate the causes of the
seasonality. U.S. vital statistics have long shown distinct seasonal
patterns of infant, neonatal, and one-day mortality rates. The present
study will answer the question, "Are these seasonal fluctuations in infant
mortality risk independent of seasonal changes in mean birthweight?"
Fluctuations in infant morbidity and mortality rates are of vital interest
to the Institute.

Progress and Proposed Course

Project is being reinstituted with the aid of the stride trainees and the
analysis of the data is in process.
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Project No. ZQl HP 00302-01 E

1. Epidemiology Branch
2. ---

3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1974 through June 30, 1975

Project Title: Permutation Test for Spreads

Previous Serial Number: None

Principal Investigator: Nathaniel B. White, Jr.

Other Investigators: None

Cooperating Units: None

Man Years

:

Total : 8 weeks
Professional: 3 weeks

Other: 5 weeks

Project Description:

Objectives :

We will investigate a permutation test for spreads, find the power and
investigate its sensitivity to translations, asymptotic properties, and make
comparisons with other tests for spread.

Summary :

Initial work has indicated that a permutation test of the ratio of the ranges
of the two samples looks very promising. Extensive programming is proceeding
to verify the initial findings.

Significance to Biomedical Research and Program of the Institute :

Results could be used in the analysis of biomedical data to test for spread,
in situations where the assumption of normality is invalid.

Honors and Awards : None

Publications: None
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Project No. ZOl HD 00303-01
1. Epidemiology Branch
2. ---

3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1974 through June 30, 1975

Project Title: Monte Carlo Procedures for Modified Rosenbaum Tests

Previous Serial Number: None

Principal Investigator: Nathaniel B. White, Jr.

Other Investigators: Peter Nemenyi, Virginia State College; Gloria Johnson

Cooperating Units: None

Man Years

:

Total: 10 weeks
Professional: 2 weeks

Other: 8 weeks

Project Description:

Obj ectives :

To obtain the probabilities and critical values for two, three, four, five,

etc., level modified Rosenbaum's tests employing Monte Carlo procedures
and to compare with other tests for the same hypotheses.

Summary :

The current programs must now be expanded to give wider range of critical
values for various combinations of sample sizes.

Significance to Biomedical Research and Program of the Institute :

Results could be used in the analysis of biomedical data to test for spread,
in situations where the assumption of normality is invalid.

Honors and Awards : None

Publications:

An abstract has been submitted for a presentation at the annual meetings of
the ASA (August 1, 1975). A journal article is forthcoming.
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Project No. ZOl hP 00304-01 E

1. Epidemiology Branch
2. ---

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Modified Rosenbaum's One and Two Layers Test

Previous Serial Number: hone

Principal Investigator: Nathaniel B. White, Jr.

Other Investigator: Inez Roberts and Gloria Johnson

Cooperating Units: None

!*1an Years

:

Total : 20 weeks
Professional: 8 weeks

Other: 12 weeks

Project Description:

Obj ectives

:

To calculate the exact probabilities for Kamat's modification on Rosenbaum's
one and two level test, a Mann-Whitney like test for differences in spread.

The power and sensitivity to translation of the tests will be studied.

Summary

:

General programming was tried which could have yielded the probabilities for

the 1st four layers simultaneously. However, the complications encountered
from such an approach have forced a one layer at a time approach which is

currently being undertaken. The power and the sensitivity to translation
will be explored after the programs are completed.

Significance to Biomedical Research and Program of the Institute :

Results could be used in the analysis of biomedical data to test for spread,
in situations where the assumption of normality is invalid.

Honors and Awards: None

Publications: None
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Epidemiology Branch
Contract and Collaborative Research

Contract Title: The Epidemiology of Birth Weight with Particular
Reference to the Effect of Induced Abortion on
Subsequent Offspring

Contractor: Mother and Child Institute, Warsaw, Poland

Money Allocated: 3,446,160 Zlotys [two years)

Objectives : To determine whether or not therapeutic abortion affects the
birth weights of subsequent offspring

«

Summary : Controlling for a number of factors already known to be related
to low birth weight, this study will assess the relationship between
previous abortion and the occurrence of low birth weight in subsequent
offspring. Information will be gathered on all pregnant women attending
prenatal clinics, both during the actual pregnancy and during the first
3 months of the infant's life. Some 18,000 women will form the basis for
the study.

Significance to Biomedical Research and Program of the Institute : Since
birth weight is such an overriding determining risk factor for infant
mortality, and since therapeutic abortion is the predominant method of
birth control in many countries the results may affect future policies.

Proposed Course ; Unfortunately progress on this study was impeded by the
temporary withholding of PL 480 funds for Polish projects. In order that
the study might nevertheless continue on the time schedule that was conducive
to the aims of the wider study being conducted by WHO, the latter agreed to

finance the project for the first six months and perhaps the first year.

Funding of this project should be finalized in June 1975 and the project
will begin on January 1, 1976.

Project Officer: James J= Schlesselman, PhoD.

U.So Counterpart Investigator: Charles R. Stark, M.D.
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Epidemiology Branch

Contract and Collaborative Research

Contract Title: A Study of theHL-A System in Children with CNS

Malformations

Contractor: First Pediatric Clinic, Institute of Pediatrics, Medical

Academy, KrakAw, Poland

Money Allocated: 4,782,300 Zlotys (four years)

Objectives : To answer 2 specific questions: 1) Is there ah unusual

association between cytotoxic antibodies in maternal blood and neural tube

defects in the offspring? and 2) Do children with neural tube defects have

a different HL-A pattern from the general population?

Significance to Biomedical Research and Program of the Institute : This study
is a direct test of a possible etiologic mechanism for certain congenital
malformations. It lies well within the Institute research purview, and if

it confirms previous findings by the same investigator, a new and possibly
broad area of research will be opened.

Summary : Using a case-control design, the investigator will draw mothers'
and babies' blood at the time of well-baby examinations. These specimens
will be tested with the latest available methods for cytotoxic antibodies
and HL-A typing.

Proposed Course : This proposal will be reviewed in FY 76 and should begin
before January 1, 1976.

Project Officer: Steven H. Lamm, M.D.

U.S. Counterpart Investigator: Charles R. Stark, M.D.
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Perinatal Biology and Infant Mortality Branch and
Epidemiology Branch

Contract and Collaborative Research

Contract Title: A Study of Monozygous and Dizygous Twins to Ascertain
Possible Neurophysiologic Factors for the Sudden Infant

Death Syndrome

Contractor: Boston University

Money Allocated: $180,900 (August 1, 1974 to July 31, 1975)

Objectives : Epidemiologic evidence suggests that genetic factors are not
important in SIDS etiology. To corroborate and/or extend this epidemiologic
inference, the present study will: 1) test specific hypotheses about the
extent of genetic or environmental control over variables which may be
involved in SIDS etiology, and 2) test specific hypotheses about the extent
of genetic or environmental control over the ontogeny of variables which may
be involved in SIDS etiology.

Significance to Biomedical Research and Program of the Institute : Study
results should provide evidence about the extent to which the various factors
under study are under genetic or environmental control. As the variables
under study have been implicated in SIDS etiology, study results should
provide a rational basis for selecting variables which can be manipulated to

prevent SIDS. If behavior (Sander) bed recordings reliably and validly
register polygraphic activity, this device could provide relatively inexpensive
screening for high SIDS risk as well as less expensive further research.

Progress : The data show that sleep cycles after the first each night affect
study variables differently than the first sleep cycle. Genetic versus
environment inferences must be deferred until a larger number of monozygous
twins has been studied. Sander bed results have been very encouraging.
Before the current contract year ends, it is expected that the bed will be
fully capable of high quality monitoring of 1) gross somatic movement, 2)

cry, 3) intervention by mother, 4) heart rate, and 5) respiratory rate.
Processing of Sander bed data has been completely automated, and by the end
of the contract year it should be possible to demonstrate savings in Sander
bed data processing compared with polygraphic data processing.

Proposed Course : We plan to end contract support of this project in September
of 1976.

Project Officer: Charles R, Stark, M.D.
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Perinatal Biology and Infant Mortality Branch and

Epidemiology Branch
Contract and Collaborative Research

Contract Title: Development of Sleep and Cardiopulmonary Regulations within
Sleep: Clinical Studies of a Functional Mechanism for Risk
of Sudden Infant Death

Contractor: University of Southern California

Money Allocated: $325,915 (November 1, 1974 to September 30, 1975)

Objectives : To describe the early maturation of sleep "states" and
cardiopulmonary function during the various "states" in groups of newborns
at high and low risk of the Sudden Infant Death Syndrome (SIDS).

Summary : Large amounts of physiological data will be used to evaluate the

early maturation of sleep "states" and cardiopulmonary function during the
various "states." Study groups will be selected as follows: 1) Subsequent
siblings of SIDS cases, and 2) Healthy, "normal" newborns. All study
subjects will be monitored during labor and approximately once each month
during the first six months of life. The subsequent-sibs and low-risk
subjects will also be monitored for one 12-hour period during the last

;

trimester of pregnancy. Each monitoring session will last 12 hours and
j

about 12 physiologic variables will be continuously recorded throughout
the session. i

i

This contract will be oriented exclusively toward data collection.
I

I

Progress : Data collection is on schedule and is projected to end by March 76.
|

i

Significance to Biomedical Research and Program of the Institute : At the
j

present time the etiology of SIDS is quite unknown and considered new approaches
must be attempted. This project is based on the knowledge that a very high
proportion of SIDS events occur during periods of sleep. The working hypothesis
is that extreme lability in the autonomic regulation of cardiopulmonary function!

during REM [active, rapid eye movement) sleep contributed a causal element
common to nearly all SIDS events.

Proposed Course : Renewal for planned three year effort is anticipated. The
planned termination date for this project is March 1976.

Project Officer: Charles R. Stark, M.D.

I

I
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Perinatal Biology and Infant Mortality Branch and
Epidemiology Branch

Contract and Collaborative Research

Contract Title: Analysis of State Integration and Related Cardiopulmonary
Functions in Infants at High and Low Risk for the Sudden
Infant Death Syndrome

Contractor: University of California at Los Angeles

Nfoney Allocated: $327,600 (October 1, 1974 to September 30, 1975]

Objectives : To describe the early maturation of sleep "states" and
cardiopulmonary function during the various "states" in groups of newborns
at high and low risk of the Sudden Infant Death Syndrome.

Summary : Large amounts of physiological data will be used to evaluate the
early maturation of sleep "states" and cardiopulmonary function during the
various "states" in 1) subsequent siblings of SIDS cases, and 2) healthy,
"normal" newborns. All study subjects will be monitored during labor and
approximately once each month during the first six months of life. Each
monitoring session will last 12 hours and about 12 physiologic variables
will be continuously recorded throughout the session. The subsequent-sibs
and low-risk subjects will also be monitored for one 12 hour period during
the last trimester of pregnancy. In addition, oxygen-deprivation experiments
in kittens will test Dr. Richard Naeye's hypothesis that chronic oxygen
deprivation is a contributing factor in SIDS etiology.

Progress : Data analysis is in the production phase and various tentative
high- and low-risk neurophysiologic differences are being revealed.

Significance to Biomedical Research and Program of the Institute : This
project is based on the knowledge that a very high proportion of SIDS events
occur during periods of sleep. The working hypothesis is that extreme
lability in the autonomic regulation of cardiopulmonary function during REM
(active, rapid eye movement) sleep contributed a causal element common to

nearly all SIDS events. x

Proposed Course : Renewal for planned three year effort is anticipated. The
planned termination date for this project is September 1976.

Project Officer: Charles R. Stark, M.D.
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Office of the Scientific Director
Intramural Research Programs

In spite of constraints on space, positions, and dollars, research within the

National Institute of Child Health and Human Development intramural pro-
gram has continued at an accelerating pace. The major accomplishments of

each program are indicated in the accompanying individual reports and will

be summarized in the following few pages. Certain reorganizations have
taken place within the program during the past year, and new space has be-
come available through the completion of our Perinatal clinical facility.

These changes are described specifically as follows.

Regarding personnel, the total budgeted positions for intramural research
during the fiscal year 1974, exclusive of the positions ^issigned to the re-
cently created National Institute on Aging, number 190. It is possible that

within the next year or two this figure could be reduced to 166, but the ceil-

ing for the intramural program is a matter of some speculation and may be
adjusted. In addition to those in permanent full-time positions, approximate-
ly 40 scientists worked in NICHD laboratories as Guest Workers or Visiting
Fellows. Another 55 employees were on the rolls in temporary, part-time,
WAE, Stay-in-School, Junior Fellow, or Work Study categories.

The intramural budget for FY 75 was $7, 650, 000, up $400, 000 from FY 74.

This figure was divided into $4,450,000 for salaries, $100,000 for construc-
tion, $200, 000 for large equipment, $100, 000 for travel, and $2, 800, 000
for operating expenses.

Organizationally, the Institute lost the Developmental Immunology Branch
due to the transfer of Dr. John Robbins and his group to the Bureau of Bio-
logics, a division of the FDA. The Section on Developmental Pharmacology,
headed by Dr. Daniel Nebert and formerly part of the Laboratory of Biomed-
ical Sciences, was transferred to the new Neonatal and Pediatric Medicine
Branch, which was created to serve as a part of the new Perinatal clinical
initiative. Dr. Nebert was named Acting Head of this Branch, and several
other Sections were created, as described below. A new Section, Human
Biochemical and Developmental Genetics Section, was organized around
Dr. Joseph Schulman and placed in NPMB; and the recruitment of Dr. Philip
Farrell from the Arthritis Institute allowed the formation of a Section on De-
velopmental Biology and Clinical Nutrition, also a part of NPMB. One other
Section was created within the Institute, a Section on Perinatal Biochemistry
in the Pregnancy Research Branch, that Section headed by Dr. John Townsley.

Within the year the program has suffered the loss of two key individuals in
addition to Dr. Robbins. The departure of Dr. Charles Lowe, Scientific Di-
rector, in August, 1974, was followed by that of Dr. Mortimer Lipsett, Asso-
ciate Scientific Director for Reproductive Biology, shortly thereafter. The
loss of these two members of the senior staff left voids in the organization
which have been difficult to fill. The Institute was fortunate to have, for most
of the year, the services of Dr. Griff Ross in the role of Acting Scientific
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Director as well as in his current dual position as Clinical Director and
Acting Chief of the Reproduction Research Branch. During the year, a

Search Committee composed of distinguished scientists from NICHD, NIH,
and the scientific community at large evaluated a substantial number of can-
didates and selected Dr. James B. Sidbury, Jr. , as Scientific Director
designate. Dr. Sidbury has accepted the position of Scientific Director and
will assume the office on August 1, 1975.

The completion of three floors in the D Wing of the Clinical Center has al-

lowed plans for the new Perinatal clinical aspect of NICHD to proceed,
albeit at a slower pace than projected. This pace has been dictated by the
previously mentioned constraints, primarily those regarding hiring author-
ity. Nevertheless, the research activities of the new NPMB are now pro-
ceeding on the 8th floor, the patient care area on the 9th floor is available
and will be activated by NICHD within the next few months, and the 10th
floor nursery and procedure rooms are available to us imniediately.

Regarding the space, in addition to the new Perinatal Facility, ground has
recently been broken for the construction of the Building 6 Annex. This fa-
cility has been projected to house 11 to 14 modules (2, 786 sq. ft. ) of basic
laboratory function. These laboratories will be occupied by research sci-
entists from the Laboratory of Molecular Genetics and the Laboratory of
Biomedical Sciences. It is hoped that, eventually, equivalent space in the
basement of the Building 6 Annex will be made available to NICHD for the
creation of a program in chemical and physical sciences, specifically, in-
cluding new initiatives in the clinical use of stable isotopes.

The long drawn plans for Building 33 have been reviewed recently and found
to be quite timely. It is understood here that this Building does not appear
in the budgeL for FY 76. There is some hope for its construction during
FY 77, As always, the space needs of the Institute are most acute. Cer-
tainly, any possibility of soace in Building 33 will allow long overdue expan-
sion of programs, development of new programs, and consolidation of the
far-flung personnel of the NICHD intramural program into a more coherent,
cooperating, and interrelating entity.

Reproduction Research Branch - Accomplishments

1. A new reagent has been developed in this Branch for the early detection
of pregnancy in primates. This simple and inexpensive method can now
be made available for general purpose testing and will serve a number of
purposes. Primarily, the early detection of conception in this heavily used
laboratory animal will allow pharmacological and toxicological screening
during a period of the life of the fetus which has been to date unavailable.
Had such a test been available in previous years, it would have been possi-
ble to detect the teratogenic effects of thalidomide, which affects the fetus
during this very early period.

2. Recent studies on the molecular events involved in hormone action have
provided new information on the mechanism of testosterone secretion. It

has been shown that testosterone production by intact Leydig cells or dis-
persed Leydig cells occurs in the absence of an increase in cyclic AMP or
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in cyclic AMP-dependent protein kinase in these cells. Specific RNA and
protein fractions isolated by SDS-gel electrophoresis of homogenates of rat

testes secreting testosterone in response to low doses of hCG showed no
enhancement of precursor incorporation. These findings show that the syn-
thesis of niacroniolecules required for hormone-induced genesis of steroids
in rat testes may not involve the direct action of interstitial cell stimulating
hormones.

3. Initial studies have shown that hypophysectomy of fetal female rhesus
mionkeys at about day 120 of gestation results in hypotrophy and immaturity
of the follicles in the ovaries of such animals. Besides demonstrating by
these results that follicular maturation is pituitary dependent, the tech-
niques developed in this study provide a new and unique methodology for the

investigation of pituitary function in fetal animals.

4. The clinical activities of this Branch involve a continuing study of hypo-
thalamic function in women with anorexia nervosa. A double blind study was
carried out with 13 patients. Some of the patients received cyproheptadine,
a centrally acting serotonin antagonist, and experienced a significant weight
gain. The patients given placebo did not improve.

5. The clinical study of involuntary infertility in this Branch dealt with
the problems of approximately 100 men and 50 women. Studies during this

year have shown that more effective diagnostic procedures can lead to effec-
tive therapy with lower doses of gonadotrophins, thus reducing cost and side
effects. Another aspect of the research effort involved studies on women re-
ceiving extensive chemotherapy for Hodgkin's disease. More than half of

these women were found to experience functional castration and premature
menopause. In contrast, more than 80% of women and children receiving
successful chemotherapy during acute leukemia were found to have normal
pituitary and gonadal function.

Neonatal and Pediatric Medicine Branch - Accomplishments

1. Fundamental studies on respiratory distress syndrome have indicated
that, in fetal rabbits, rats, and monkeys, the principal pathway for the syn-
thesis of lecithin in the lung is choline incorporation, rather than phospha-
tidyl'ethanolamine methylation as claimed by others. These findings make
it possible to attack this syndrome at its root cause, since development of

lecithin synthesis pathways regulate proper lung function in newborn indi-

viduals.
^

2. In order to stimulate surfactant (lecithin) biosynthesis in lungs, a num-
ber of experimental leads have been investigated. A model system involv-
ing culture of lung cells in vitro has been developed. The key enzymes in

the choline incorporation pathway have been purified and are being studied.
Corticosteroids and other agents which stimulate lecithin biosynthesis are
under investigation in fetal animals.

3. A new human inborn error of metabolism, glutathionuria, has been dis-
covered and identified as a defect in gamma-glutamyl transpeptidase. The
enzyme in normal individuals is associated with lysosomal cell components
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and is present in all tissues examined. The discovery of this new disease
state, in addition to providing insight into the general functions of the en-
zyme, allows the inspection of an important biochemical hypothesis. This
enzyme, gamma-glutamyl transpeptidase, has been suggested as a fundamen-
tal part of the mechanism by which cells transport amino acids across their
membranes. Initial studies indicate that individuals suffering from a defi-
ciency of this enzyme do not manifest any problems which might be related
to amino acid transport.

4. Pharmacological studies in this Laboratory have recently delineated the
genetic basis for the induction of drug metabolizing enzymes using inbred
strains of mice. It has been determined that induction of at least 10 drug-
metabolizing enzyme activities can segregate as either a single autosomal
dominant or co-dominant trait. A simple genetic model which fits most of
the data has been described. This model involves regulation by two non-
linked loci, each having at least three alleles. It has recently been found
that susceptibility to carcinogenesis produced by the administration of 3-

methylcholanthrene is highly correlated with the genetically mediated pres-
ence of aryl hydrocarbon hydroxylase induction in several strains of mice.
There is no similar correlation with the administration of certain other car-
cinogens.

5. A new diagnostic test for drug sensitivity by which patients can be
screened prior to the administration of the drug itself, is being developed.
This test is based on the observation that cultured human lymphocytes from
a given patient respond to the presence of certain drugs in a way predictive
of the response of the patient himself. The availability of such a test will

allow drug screening to be performed, sensitivity to be uncovered, and
drug interactions in a given patient detected without actually administering
any drug to the patient. Since a substantial number of hospital problems
are caused by drug sensitivities and side effects, such a test should prove
most useful.

Pregnancy Research Branch - Accomplishments

1. The use of certain model systems for the investigation of pregnancy-
associated problems has been one of the main thrusts of this Laboratory
within the last few years. Recently, the surgical manipulation of pregnant
sheep through the use of multiple cannulations and electromagnetic flow

probe transducers has allowed the examination of both mother and fetus in

a non-stressed, non-anesthetized, stable condition. Using this preparation,

the effects of maternal hyperthermia on maternal and fetal cardiovascular
dynamics has been studied. Hyperthermia, induced in this way, can be con-
sidered a model for fevers caused by maternal infection. Studies such as

these have elucidated the changes occurring in maternal and fetal blood flow.

It has been found that a significant decrease in uterine blood flow and a mod-
est increase in umbilical blood flow occurs. These result in no net change
in the fetal acid-base status.

2. Using rhesus monkeys, fetal lung lecithin metabolism has been exten-
sively investigated through examination of amniotic fluid L/S ratios, phos-
pholipid concentration assays, and assays of the relative enzymes. It has
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been found in normal gestation, that all measures of fetal lung lecithin

metabolism increase significantly and, indeed, are similar to those obser-

vations presently available on humans. Using the drug streptozotocin, a

model of glucose intolerant pregnancy fetus has been prepared. This prep-
aration has been examined with regard to lecithin metabolism, and it has

been shown that there is an earlier elevation of the rate of choline incorpo-
ration and an earlier increase in the L/S ratio. These studies have estab-

lished a developmental biochemical basis for the clinical reliability of the

amniotic fluid L/S ratio in predicting respiratory distress syndrome in the

neonatal monkey.

Laboratory of Molecular Genetics - Accomplishments

1. A new and powerful assay technique has been devised to isolate genetic

mutants of bacteriophage lambda which are defective in their ability to ex-
cise from the host chromosome. Over 300 new mutants have been identi-

fied by this technique, and many of them have been ordered on the genetic
map of lambda phage. Analysis of these mutants hopefully will shed light

on the recognition of the DNA by integrating and excising mechanisms.

2. The nucleotide guanosine tetraphosphate has been shown in the past to

be involved in the coupling of protein synthesis with other cellular functions.
More recent studies on the manner in which this nucleotide controls gene
expression have shown that guanosine tetraphosphate can interact with pure
RNA polymerase and change its ability to transcribe certain DNA sequences
without affecting the transcription of others. It is now becoming clear that
this nucleotide functions primarily in the expression of the genes coding for
ribosomal RNA. It has been shown, using in vitro systems, that the expres-
sion of these genes is inhibited by guanosine tetraphosphate.

3. Investigations of the mechanism of adenovirus infection have turned to a
study of the translation of adenovirus RNA in a cell-free system. Within
the last year, it has been shown that all major virus polypeptides can be
synthesized in vitro , and that the restriction of human adenovirus growth in

monkey cellsT.s regulated post-transcriptionally. In collaboration between
two groups within this Laboratory, the usefulness of the newly identified
bacterial RNase 111 in fragmenting both adenovirus messenger and mamma-
lian ribosomal RNA's has been demonstrated and applied to problems of
RNA structure and function.

4. The use of reverse transcriptase to provide DNA copies of specific
genes using purified messenger RNA's as templates has continued. The
availability of these molecular probes, through the work of this Laboratory,
has provided powerful new tools for genetic analysis and the solution of fun-
damental biological questions. This year the complete separation of the
messenger RNA's for the two chains of hemoglobin has been accomplished.
The specific cDNA's for these messengers has been prepared and used to
study the individual regulation of the alpha and beta genes in several ery-
throleukemic cell lines. This work has shown that the alpha and beta genes
are not coordinately expressed. Further study of the regulation in human
thalassemic states is planned.
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5. Another system to which genetic analysis has been applied is the synthe-
sis of antibody molecules. It is known from previous work in this Labora-
tory that the genes representing the constant region of antibody molecules
are few in number. Within the year the messenger RNA for the variable re-
gion genes has been purified and iodinated. Hybridization experiments sug-
gest that there are approximately 60 variable region genes and strongly
suggest the possibility that there are a limited number of germ lines. The
hypothesis that the variable region genes would differ from clone to clone
of these immunocytes is being tested.

Laboratory of Biomedical Sciences - Accomplishments

1. A new placental cell line has been established and its characteristics elu-

cidated. This line has been shown to have a low level of heat-stable alka-
line phosphatase, and this enzyme can be induced by 5-broniodeoxyuridine.
These cells show an unbalanced production of the subanits of hCG. The cells
synthesize a large amount of the alpha subunit, unlike the balanced synthesis
found in normal placental tissue. Other cell lines are being being developed
through the use of the transforming virus SV40, and these lines will be used
in a number of investigations of placental function.

2. Continuing studies on the amino acid metabolism of placental tissue have
led to a characterization of lysine degradation in this tissue. The second
enzyme in the pathway, saccharopine dehydrogenase, has been purified,
characterized, and its kinetics studied. These investigations have assumed
greater proportions in the light of recent reports on human genetic lesions
in lysine metabolism.

3. A new assa^' method for the important degradative enzyme, monoamine
oxidase, has been developed. The methodology includes the use of semicar-
bazide to trap the product of the reaction. Since this enzyme is involved in

the destruction of highly active physiological amines, its measurement by
accurate and facile methods is of extreme and increasing importance.

4. The regulation of glycogen metabolism in newborns is of extreme impor-
tance in view of the multitude of problems associated with neonatal hypogly-
cemia. Recent studies using a primate model have suggested that glycogen
degradation in fetal liver is regulated by galactose, a component of milk
sugar, and not by glucose as in adults. Such regulation would provide an
unique insight into glucose homeostasis in newborns. Clinical trials have
been initiated to test the hypothesis that galactose plays a crucial role in

the regulation of glucose levels during the neonatal period.

5. The function of the pineal gland in regulating body cycles has been ex-
plored for many years in this Laboratory. The enzymes involved in the
synthesis of the pineal hornione, melatonin, have recently been studied.
Experiments on the regulation of .N-acetyltransferase have shown that the
beta-adrenergic receptor nriediating induction of the enzyme also mediates
the inactivation of the enzyme which results from sudden exposure of the
animal to light during a dark phase. The use of a newly synthesized amino
acid analog of histidine, 2-fluoro-L-histidine, which inhibits the induction,
may provide new insights into the regulation of this important enzyme.
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6. The enzyme, phenylalanine hydroxylase, which is missing in children
with phenylketonuria, has been studied in this Laboratory for many years.
An understanding of this mechanism may provide insights into the detailed
action of hydroxylases and may aid in the diagnosis, treatment, and under-
standing of phenylketonuria, the most prevalent and most severe of the ge-
netic mental retardations. Recently, the bacterial enzyme catalyzing this

reaction has been purified to near-homogeneity. The molecular weight of

this enzyme has been accurately determined, its specificity investigated,
and a new activation procedure discovered.

7. Studies on the mechanism of action of nerve growth factor have been in-

itiated. This protein is known to be involved in the growth and differentia-
tion of the sympathetic nervous system. Its mechanism of action involves
the selective induction of the enzymes concerned with the synthesis of the
neural transmitter, norepinephrine. Recent studies have shown that nerve
growth factor does not induce the dihydropteridine reductase associated
with the first enzyme in transmitter biosynthesis. In an attempt to under-
stand the mechanism, techniques have been developed within the last year
to enable the translation of the messenger RNA for dopamine beta-hydroxy-
lase from adrenal medulla. Such techniques will allow experiments pertain-
ing to the question of whether nerve growth factor induces the synthesis of

these enzymes by interacting at the genetic level. Other studies have allowed
the translation of the messenger RNA for the nerve growth factor itself and
give promise of providing some information on how nerve growth factor syn-
thesis is regulated.

Behavioral Biology Branch - Accoinplishments

1. It has recently been shown that muscle cells exert an inductive effect on
spinal cord cells when the two are co-cultured in vitro. This effect is man-
ifest through a ten-fold increase in the activity~ol the enzyme choline acetyl-
transferase, the enzyme which catalyzes the biosynthesis of acetylcholine.
This effect at first appeared to involve synapse formation, but now has been
shown to be due, at least in part, to the elaboration by the muscle cells of

a large, non-dialyzable substance which seems to diffuse from muscle cells

to cord cells.

2. Pigment granules of Aplysia neurons have been found to contain calcium
ions. These granules are known to be sensitive to illumination, and the na-
ture of their response involves a morphologic change. During this change,
calcium ions are released from the granules. ^ It has been possible to ana-
lyze the response of these granules to light by means of freeze-fracture.
Recent observations using this technique have indicated that in the dark,
high-calcium state, these granules contain globular particles and that these
particles associate into layers upon illumination and loss of calcium.

3. Specific moUuscan neurons synthesize biochemically distinct proteins.
In specific neurosecretory cells of Aplysia or Otala, a specific precursor
protein is S3mthesized and then converted to sinaller polypeptides, includ-
ing hormones and carrier proteins. These materials are transported
through the axon in the form of granules and are eventually released at the

nerve terminal. This transport process is blocked by colchicine or by
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depletion of calcium ions. The release process is accompanied by depolari-
zation which is dependant upon the external calcium concentration.

4. In collaboration with scientists at the Woods Hole Marine Biological Lab-
oratory, it has been shown that some of the protein synthesized around the
giant axon of the squid has its origin in the surrounding Schwann cell layer.
Considerable evidence has been accumulated recently for the intracellular
transfer of these proteins. Proteins of molecular weights ranging from
500, 000 down to 12, 000 daltons have been implicated in these transfer mech-
anisms. These studies may provide a physiological basis for the long-sus-
pected role of glia in the support of, and transfer of information to, the
neurons.

5. A long series of investigations has culminated this year in a detailed de-
scription of the vocal behavior of squirrel monkeys. It has been possible to
relate specific aspects of the vocal patterns, such as frequency of occur-
rence of certain microstructural features, to specific behaviors. A program
for establishing the genetic basis of various dialects has been initiated using
recordings of animal vocalizations from the New England Primate Center.
A study of mother-infant recognition through vocal cues is now in progress.
An attempt will be made to show that mothers are able to recognize their
own infants by vocal cues alone which will allow a solid basis to be estab-
lished by which the acquisition of dialects and vocal traits of infant squirrel
monkeys can be studied.

Social and Behavioral Sciences Branch - Accomplishments

1. It has recently been possible to develop measurements to assess individ-
ual differences in effectance motivation. Through such measurements, it is

possible to evaluate the infant's ability to master difficult problems and to

evaluate the infant's motivation to alter his environment in specific direc-
tions.

2. Studies have been conducted in order to develop a methodology to meas-
ure a child's attachment to his mother. These experiments on early affec-
tional relationships have involved comparisons between an infant's reaction
to a stranger and to his mother both in the home and in the laboratory. An
observational system for assessing the mother-infant attachment has been
developed, and which permit comparisons between the child's behavior in

different contexts have been obtained. It has been possible to analyze envi-
ronmental factors which facilitate the formation of focused relationships.
Further experiments are in progress in which the interaction of father and
child, which has to date been largely ignored, will be assessed independ-
ently of the behavior of the mother. A recently completed study has in-

spected the interaction of the father with five-week old infants. This study
will attempt to throw some light on how the father's behavior toward the

baby interacts with that of the mother. These infants will be studied again
at five months of age. The major findings of this and a long series of pre-
ceding studies have been described in a book published within the year from
this Laboratory, Infant and Environment: Early Cognitive and Motivational
Development.
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3. A study completed recently assessed the bidirectional influences in the

mother-infant interaction. The first analyses of such influences involved

pregnancy adaptation, the delivery, the neonatal characteristics of the in-

fant, and the mother's feelings about herself and the maternal role. The
data revealed a group of significant correlations. Women who are positive

about the pregnancy experience tend to have infants who are more alert and

have higher motor maturity. The mother's anxiety prior to labor and deliv-

ery are reflected in the amount of anesthesia or analgesia given and, in

turn, the amount of anesthesia or analgesia are negatively related to the

motor maturity of the infant at three days.

4. In a study now in progress of disadvantaged infants, a series of ten meas-
ures has been developed centering around persistence in problem-solving
and persistence in attempts tu produce effects. Analysis of the data initially

involved looking for interrelations among a variety of measures and their

relation to the Bayley developmental indices. Two measures, persistence
in problem-solving and persistence in effectiveness motivation, were mod-
erately interrelated, but their relationships with the Bayley Mental Develop-
mental Index were quite different. These data suggest that interest producing
feedback is less important for effective performance on Bayley scales than
persistence in problem -solving.

It seems appropriate to indicate here that the intramural programs of the
NICHD continue to be sound and productive. This assessment is made on
the basis of a number of inputs including the tempered judgment of the re-
view group empowered to advise the Scientific Director, the Board of Sci-
entific Counselors. In addition, this statement is supported by the year's
record of papers published, seminars given, and awards received. Almost
without exception, the research carried out by the intramural staff has been
of high quality and of significant public value.

Gordon Guroff, Ph.D.
Acting Scientific Director
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NICHD Annual Report
July 1, 1974 through June 30, 1975

Social and Behavioral Sciences Branch

Summary of Research Activities

Research in the Social and Behavioral Sciences Branch is focused on early
environmental influences on cognitive, social and motivational development.
For the past several years, we have been particularly concerned with the

development of methods to differentiate the natural environment, to analyze
the components of early experience and to study relations between environ-
mental components and early development. The findings of a study on the

early environment have been published this year in a book, Infant and

Environment: Early cognitive and motivational development .

In our current research we have broadened our conceptualization of early
influences. We no longer view the environment simply as impinging on the

infant but see a dynamic interaction between the infant and his environment.
From this perspective, we are studying how temperamental characteristics of

the neonate regulate parental behavior. In addition to differentiating the
environment we are also trying to differentiate infant functioning, to study
other aspects of development than the global developmental quotient. We have
developed measures to assess individual differences in effectance motivation,
the infant's active striving to master difficult problems and his motivation
to act on the environment to produce effects. We are also studying the early
development of affectional relationships. In progress are methodological
studies of the child's attachment to his mother, comparing infant's reactions
to a stranger and to his mother in the home and in the laboratory. In much
of our previous research, we have defined the early environment solely in
terms of the mother's behavior, with the father's interaction with the child
largely ignored. Now we are extending our view of the environment to include
the father, to look at the father's influence on the child's development.

In the book reporting the major findings of the study of early environmental
influences on cognitive and personal-social development, we have described in
detail the observational technique used for analyzing the early environment,
procedures that have been adapted for use in studies in other laboratories.
We have also discussed in detail the implications of the findings for inter-
vention programs and for theories of early environmental influence. The data
emphasize the multi-faceted nature of early experience. Individual compon-
ents of the environment show selective influences on specific aspects of
infant development. Because of the theoretical significance of these findings,
we thought it important to determine whether similar relationships might be
found in other environmental contexts. Therefore, we have collected data on
an economically more advantaged sample, using the same home observation
technique and the same measures of infant development.

We have completed data collection in the investigation of bidirectional influ-
ences in mother-infant interaction. In this study we have looked at mother-
infant interaction as a bidirectional system in which both members of the dyad
influence each other reciprocally. In the first analyses of the relationships
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among pregnancy adaptation, the delivery, the neonatal characteristics of the
infant and the mother's feelings about herself and the maternal role, we find
a group of significant intercorrelations . Women who are positive about the
pregnancy experience tend to have infants who are higher in motor maturity
and who are more alert; their positive expectations of parenting are signif-
icantly related to their neonate's alertness and motor maturity and negatively
related to neonatal irritability. The mother's anxiety in anticipating labor
and delivery is related to the amount of anesthesia and analgesia she is given;

mothers who show less anxiety are given less analgesia and anesthesia. The
amounts of analgesia and anesthesia in turn are negatively related to the motor
maturity of the infant at 3 days. Analyses of the mother's self-image indicate
that it is closely tied to the infant's alertness. Infant alertness at 3 days
is positively related to the mother's feelings about herself and about the
maternal role when the infant is four weeks of age. Thus, we find a complex
set of interrelationships between prenatal adaptation, expectations regarding
labor and delivery, the medication used in the delivery, the neonatal status
of the infant and the mother's feelings about herself and her maternal role.

With changing conceptions of sex roles and increasing employment of women,
the role of the father in child development is increasingly being recognized.
Studies of father absence have shown the effects of paternal deprivation on
the development of children. However, there have been few studies of the
father's influence on the development of the young child. A study recently
completed in the Social and Behavioral Sciences Branch has been concerned
with both the father's direct influence on the young infant and his indirect
influence as mediated through the mother. Analyses in progress provide
descriptive data on the father's interactions with a very young infant
(5 weeks) . This study will attempt to throw some light on how his behavior
with and attitudes towards the baby affect his wife's behavior towards the

infant. This research has led to greater clarity in conceptualizing father
influences. We are refining methods and plan to study a new sample of infants
at 5 months of age.

The tie between infant and mother is thought to be the prototype of later
affectional relationships. Although a number of studies have described the

normative sequences in the development of mother-infant attachment, there
has been little research on the factors which affect the development of

focused relationships. Moreover, the studies which have been done use a

variety of techniques— interview with the mother, structured situations in

the laboratory and many different indices to measure attachment, e.g., fear

of strangers, degree of protest on separation from the mother. We have
developed an observational system for assessing mother-infant attachment in

the home and in the laboratory, and we have obtained data to permit compari-
sons between the child's behavior in these two contexts. In addition, with
a subsample of infants studied at 6 months, we are analyzing the environmental
factors that facilitate the formation of focused relationships.

In recent years intervention programs for disadvantaged infants and young
children have placed the major emphasis on stimulating cognitive growth and
have in general found few enduring effects of these programs. There is grow-
ing recognition of the motivational underpinnings of cognitive development
and of the importance of fostering in the infant feelings of competence and
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a sense that his actions produce effects. One of the major obstacles to
research in this area is the lack of clarity in the conceptualization of
effectance motivation and a paucity of techniques for its assessment. In
a study in progress, after sharpening the conceptualization of effectance
motivation, we have developed a series of ten measures centering around per-
sistence in problem solving and persistence in attempts to produce effects.
The first step in data analyses involves looking at the interrelations among
a variety of measures and their relations to the Bayley developmental indices.
Two measures, persistence in problem solving and persistence in effectance
motivation, were moderately interrelated (r = .50), but their relationships
with the Bayley Mental Developmental Index were quite different. The cor-
relation between persistence in problem solving and the Bayley Mental Develop-
mental Index was .70, while the correlation between persistence in effectance
production and Mental Developmental Index was .17, suggesting that interest
producing feedback is less important for effective performance on the Bayley
Scales than persistence in problem solving.

In a previous study we found relationships between specific aspects of the
environment at 6 months and cognitive-motivational measures at 6 months. For
some of the infants in this study we have environmental measures at 6 months
which will enable us to look at the role of the early environment in the
development of effectance motivation. We also plan to study these infants at

a later age to determine whether these measures at 12 months are predictive
of later cognitive and motivational characteristics.

Staff members have continued to serve on committees and boards of professional
societies and on editorial boards of professional journals. Members of the
Branch have provided consultation to various organizations such as the National
Association for the Education of Young Children and the Smithsonian Institution.

Dr. Robert Harmon has been consultant to the Infant Education Center in Wash-
ington, D.C. He is Clinical Instructor in Psychiatry and Behavioral
Sciences at George Washington University School of Medicine. Dr. Harmon and
Dr. Barbara Strain have both been giving consultation on research design to

the Vulnerable Infant Project of the Mental Health Study Center of the National
Institute of Mental Health. During the past year Dr. Harmon has been invited
to lecture in the Department of Psychiatry, at Children's Hospital in Wash-
ington, D.C, and in the Department of Psychiatry at the University of Colorado
Medical Center. He was discussant on a symposium at the annual meeting of the

National Association for the Education of Young Children.

Dr. George Morgan was an editorial consultant to the journal. Child Development .

He and Dr. Robert Harmon organized a symposium, "Infants' reactions to unfam-
iliar adults: A discussion of some important issues" at the Biennial meeting
of the Society for Research in Child Development.

Dr. Kay Standley continues to serve on the Board of Convention Affairs of the
American Psychological Association. She is also an editorial consultant for

the Journal of Consulting Psychology .
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Dr. Frank Pedersen has been a member of the NIH Day Care Committee. He has

served as editorial consultant to the journal, Child Development . He was an

invited participant in a symposium, "Maternal and Paternal Deprivation" at

the annual meetings of the National Association for the Education of Young

Children. He has been invited to present a talk on "Paternal Deprivation" to

the Nursing Education Section of the D.C. General Hospital. He organized two

symposia at the Biennial Meetings of the Society for Research in Child Devel-
opment, one on "Ethical issues in research with children" and the other
"Beyond father absence: Conceptualization of father effects."

Dr. Leon Yarrow has continued to serve on the Governing Council of the Society
for Research in Child Development. He is a member of the Advisory Committee
of the Vulnerable Infant Project of the Mental Health Study Center of the
National Institute of Mental Health. He is a member of the Board of Trustees
of the Easter Seal Research Foundation. He has served as consultant to the
Grant Foundation and the Canada Council. He was invited to be chairman and
discussant on a panel, "Maturational Patterns," at the International Assoc-
iation for Child Psychiatry and Allied Professions. Dr. Yarrow continues on
the editorial board of the Merrill Palmer Quarterly Journal of Behavior and
Development and has been an editorial consultant to Child Development and
Developmental Psychology .

During the past year there have been several changes in staff. Dr. Michael
Duchowny completed his two-year assignment as a Research Associate in the
Public Health Service in the Social and Behavioral Sciences Branch.
Miss Martha Weiss resigned as Secretary in September 1974 and Mrs. Patricia
Simon resigned as Clerk-Typist in July 1974. Dr. Barbara Strain was appointed
Staff Fellow in September 1974. Mrs. Nancy Gist returned to the staff as
Psychology Technician in January 1975. Mrs. Theresa Pezza was appointed
Clerk-Typist in August 1974.

Papers Presented at Professional Meetings :

Copans, S. A. "A comparative perspective on perinatal, maternal and infant
effects." Presented on sjnnposium at the American Psychological Association
Annual Convention, New Orleans, La., August, 1974.

Duchowny, M. S. "Interactional influence of infant characteristics and post-
partum maternal self-image." Presented on symposium at American Psychological
Association Annual Convention, New Orleans, La., August, 1974.

Gaiter, J. "Games and learning activities for babies from birth to one year."
Presented at meeting of Parent and Child, Inc.

Harmon, R. J. Comments on films of Dr. Rene Spitz. Presented at the Society
for Research in Child Development Biennial Meeting, Denver, Colorado, April,
1975.

Harmon, R. J. "Overview of infants' reactions to unfamiliar adults." Presented
on symposium at the Society for Research in Child Development Biennial Meeting,
Denver, Colorado, April, 1975.
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Harmon, R. J- & Wagonfeld, S. "Anaclitic Depression: A Ten Year Followup."
Presented at the University of Colorado Department of Psychiatry Grand Rounds,

Denver, Colorado, April, 1975.

Jennings, K. D. "People vs. object orientation in preschool boys and girls."
Presented at the Society for Research in Child Development Biennial Meeting,
Denver, Colorado, April, 1975.

Klein, R. P. & Durfee, J. T. "Infants reactions to strangers vs. mothers."
Presented on symposium at the Society for Research in Child Development
Biennial Meeting, Denver, Colorado, April, 1975.

Morgan, G A. & Bennett, C. A. "Implications of various methods of scoring
Infants' reactions to unfamiliar adults." Presented on symposium at the
Society for Research in Child Development Biennial Meeting, Denver, Colorado,
April, 1975.

Pedersen, F. A. "Paternal deprivation in infancy." Presented on symposium.
Maternal and Paternal Deprivation at the annual meetings of the National
Association for the Education of Young Children, December, 1974.

Pedersen, F. A. "Three modes of paternal influence." Presented on symposium
Beyond Father Absence: Conceptualization of Father Effects at the Society
for Research in Child Development Biennial Meeting, Denver, Colorado, April,
1975.

Pedersen, F. A. "Paternal Deprivation." Nursing Education Section of D.C.
General Hospital, May, 1975.

Soule, A. B, "The Pregnant Couple." Presented on symposium at the American
Psychological Association Annual Convention, New Orleans, La., August, 1974.

Standley, K. "Prenatal and Perinatal Correlates of Neonatal Behaviors."
Presented on symposium at the American Psychological Association Annual Con-
vention, New Orleans, La., August, 1974.

Standley, K. "Attitudes and events during pregnancy." Maternal-Infant Life
Conference, Wisconsin Perinatal Association, October, 1974.

Strain, B. A. & Vietze, P. "Early Dialogues: The structure of reciprocal
infant-mother vocalization." Presented at the Society for Research in Child
Development Biennial Meeting, Denver, Colorado, April, 1975.

Strain, B. A., Vietze, P., and Dokecki, P. "Interpersonal proximity and vocal
behavior in the mother-infant dyad." Presented at the meeting of the Animal
Behavior and Human Ethology Society, Wilmington, N. C, May, 1975.

Vietze, P., & Strain, B. A. "Contingent responsiveness between mother and
infant: Who's reinforcing whom?" Presented at the meeting of the South-
eastern Psychological Association, Atlanta, Ga., March, 1975.

379



Vietze, P., & Strain, B. A. "Development of the infant-caregiver dyad: A
longitudinal approach." Presented at the Conference on the Conceptualization
and Measurement of Bidirectional Influences in Mother-Infant Interaction,
Boulder, Colorado, April, 1975.

Yarrow, L. J. "Parents and infants: An interactive network." Presented on
symposium at the American Psychological Association Annual Convention, New
Orleans, La., August, 1975.

Publications :

Copans, S. A. Human prenatal effects: Methodological problems and some
suggested solutions. Merrill-Palmer Quarterly of Behavior and Development

,

1974, 20, 43-52.

Harmon, R. J. Review of Sexual Identity Conflict in Children and Adults by
Richard Green. Child Development Abstracts and Bibliography . Chicago,
University of Chicago Press, in press.

Jennings, K. D. People versus object orientation, social behavior, and
intellectual abilities in preschool children. Developmental Psychology ,

1975, 11 (4).

Morgan, G. A., Goodson, F. E. & Jones, T. Age differences in the associations
between felt temperature and color choices. American Journal of Psychology ,

1975, 88 (1).

Morgan, G. A., Levin, B. & Harmon, R. J. Determinants of individual differen-
ces in infants' reactions to unfamiliar adults. JSAS Catalog of Selected
Documents in Psychology , in press.

Standley, K. , Soule, A. B., Copans, S. & Duchowny, M. Effects of local-
regional anesthesia on newborn behaviors. Science , 1974, 186 , 634-635.

Standley, K. & Soule, B. Women in male dominated professions: Contrasts in

their personal and vocational histories. Journal of Vocational Behavior , 1974,

4, 245-258.

Standley, K. , Keating, G. W. , & Fischer, T. C. Family constellations of law
and medical students. Journal of Legal Education , 1974, 26^, 241-246.

Yarrow, L. J., Rubenstein, J. L., & Pedersen, F. A. Infant and Environment :

Early cognitive and motivational development . New York: Halsted Press,
John Wiley, 1975.

Yarrow, L. J. Child development psychodynamics, and the law. (Review of

Beyond the best interests of the child by J. Goldstein, A. Freud and

A. J. Solnit). Contemporary Psychology , 1975, 20, 25-28.

Duchowny, M. S., Weiss, I. P., Majlessi, H. & Barnet, A. B. Visual evoked re-
sponses in childhood cortical blindness after head trauma and meningitis.
Neurology , 1974, 24, 933-940.

380



Project No. ZOl HP 00001-07 SBS
1. Social and Behavioral Sciences Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Early Environmental Influences on Cognitive and Personal-
Social Development

Previous Serial Number: HD-GD4(c)

Principal Investigator: Leon J. Yarrow, Ph.D., Judith Rubenstein, Ph.D.,
Frank A. Pedersen, Ph.D.

Other Investigators: Myrna Fivel, M.A. , Joan Durfee, M.A. , Richard Cain, M.Ed.

Cooperating Units: D.C. Department of Public Health, Children's Hospital
of the District of Columbia, Group Health Association
of Washington, D.C.

Man Years:

Total: 1.00
Professional: .75

Other: .25

Project Description:

Objectives : In this investigation of early environmental influences on cog-

nitive and personality development during the first year of life, one major
goal has been to develop an observational instrument to analyze the compon-
ents of the early environment. A second objective was to study relation-
ships between specific parameters of the environment and specific aspects
of development during the first six months.

Methods Employed : For the major analyses we selected from the original
sample of 70 subjects, 41 black infants - 21 boys and 20 girls - and their
primary caregivers on whom we had a representative sample of their early
experiences. These families were largely of lower socioeconomic status.

Data on environmental variables were obtained through time-sampling obser-
vations in the natural environment of the home when the infants vere 5 months
of age. Measures of infant characteristics were obtained by means of the
Bayley Scales of Infant Development and a structured situational test
designed to measure exploratory behavior and preference for novel stimuli.
In addition to the Mental Developmental Index and the Psychomotor Develop-
mental Index, eight clusters of items were derived from the Bayley Scales:
Gross Motor Development, Fine Motor Development, Social Responsiveness,
Language, Goal Directedriess, Secondary Circular Reactions, Reaching and
Grasping, and Object Permanence. In addition, a Problem-Solving cluster
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was based on a series of four items administered after the Bayley Scales.

Major Findings : The major findings of this study have been presented in

previous annual reports. They are presented in detail in a book published

this year, "Infant and environment: Early cognitive and motivational

development." In this book we have discussed the implications of these

findings for intervention programs and for theories of early environmental

influences: adaptation level theory, operant learning theory, Piagetian
developmental theory and Hunt's synthesis of several of these theoretical
positions around the concept of intrinsic motivation. It was concluded that

new conceptual models are needed which integrate parts of these theoretical

systems in order to handle more adequately the complex interaction of many
environmental and organismic variables.

Significance to Biomedical Research and the Program of the Institute : The
techniques developed for home observations contribute to methodology for

studying the early environment. The findings of this research add to our
understanding of early environmental influences on development and have
implications for early intervention programs.

Proposed Course of Project : This project has been terminated.

Honors and Awards : None

Publications

:

Yarrow, L. J., Rubenstein, J. L. , and Pedersen, F. A.

ment : Early cognitive and motivational development .

Press, John Wiley, 1975.

Infant and Environ-
New York: Halsted

Yarrow, L. J., & Harmon, R. J. Maternal Deprivation. In A. M. Freedman,
H. I. Kaplan, & B. J. Sadock (Eds.), Comprehensive Textbook of Psychiatry II ,

(Vol. 2). Baltimore: Williams &Wilkins, 1975, pp. 2278-2283.
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Project No. ZOl HP 00002-03 SBS
1. Social and Behavioral Sciences Branch

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Early Environmental Influences on Cognitive and Personality
Development During Infancy: A Replication with a Middle-
Class Sample

Previous Serial Number: HD-SB7

Principal Investigator: Leon J. Yarrow, Ph.D.

Other Investigators: Robert P. Klein, Ph.D., Frank A. Pedersen, Ph.D.,
Joan Durfee, M.A. , Myrna Fivel , M.A. , Juarlyn
Gaiter, Ph.D., Richard Cain, M.Ed.

Cooperating Units: None

Man Years

:

Total: 1.25
Professional: 1.00
Other: .25

Project Description:

Objectives : In a previous study (ZOl. 00001) with a sample composed largely
of infants and mothers of low socioeconomic status, significant relation-
ships were found between specific early environmental variables and specific
aspects of infant development at 6 months. Because of the theoretical
significance of the findings, we are replicating the previous study with
a middle-class sample.

Methods Employed : The sample consists of 49 infants, 25 boys and 24 girls
and their mothers, of middle socioeconomic status. Many of these infants
and mothers were first studied as neonates in the research on bidirectional
influences.

Data on environmental variables are being obtained through time-sampling
observations in the home with the mother-infant interaction schedule
developed in the previous study. Measures of Infant characteristics are
obtained from the Bayley Scales of Infant Development and through a

structured test designed to measure exploratory behavior and preference
for novel stimuli.
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Major Findings : Data analyses are in progress.

Significance to Biomedical Research and the Program of the Institute : All
too frequently conclusions with significant theoretical and practical impli-
cations are based on a single study in limited experimental or natural
situations in which the sample is restricted to one cultural group. If we
are to make meaningful generalizations about the significance of specific
aspects of early experience for development, it is necessary to examine
these relationships in a variety of environmental contexts, with samples
that might differ in level and patterning of stimulation.

Proposed Course of Project : Data analyses will be completed during the next
fiscal year.

Honors and Awards: None
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Project No. ZOl HP 00003-04 SBS
1. Social and Behavioral Sciences Branch
2. Parent-child Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: An Observational Study of Father-Infant Interaction

Previous Serial Number: HD SB2 (c)

Principal Investigators: Frank A. Pedersen, Ph.D., Barbara Strain, Ph.D.,
Robert Harmon, M.D., Richard Cain, M.Ed.

Cooperating Units: Pediatrics and Obstetrical Service, National Naval
Medical Center

Man Years :

Total: 1.70
Professional: 1.45
Other: .25

Project Description:

Objectives : To obtain descriptive data on the father-infant relationship in
natural settings and to analyze the father's influence on the infant's social,
cognitive and motivational development. The study will attempt to analyze
direct father effects and mediated paternal effects, i.e., whether the father
affects the mother's relationship with the infant. A major goal will be to
develop a conceptual model for understanding paternal influences as a part of
the early environment.

Methods Employed : The original sample for this project consisted of 39

middle-class fathers and their first-born infants (a subgroup of the sample
in Project ZOl. 00004 ). When the infant was four weeks old the father was
interviewed and at five weeks an observation was conducted in the home focus-
ing on the father's interaction with the infant.

In an extension of this project, a new sample is being obtained for study
when the infant is five months of age. The observational procedures were
refined so that data could be obtained on father-infant, mother-infant, and
husband-wife interaction in the same setting. Two observations of mother-
father-infant interaction are planned. There will also be two observations
of mother-infant interaction alone. In addition, the fathers will be inter-
viewed and comparisons will be made between data based on direct observation
and data obtained from interview. The Bayley Scales of Infant Development
will be administered. Clusters of infant cognitive and cognitive-motivational
characteristics developed in a previous study will also be used as dependent
variables. Forty middlerclass families with first-born infants will be in-

cluded in this sample.
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Ma-jor Findings : Initial analyses of data from interviews with the father

indicate that the quality of interaction between mother and infant is affected

by the father's relationship with his infant and the husband-wife relation-

ship.

Tabulations of the father-infant observations have been completed and the

detailed analyses of these data are underway. One finding is quite clear:

the rate and amount of interaction between fathers and infants was much
greater in this sample than that described by Rebelsky and Hanks in a study

over a decade ago.

As a result of these findings and a review of other research on the early en-

vironment, much of which included data on father in only an incidental manner,
some progress has been made in developing a better conceptualization of

paternal influences. We find it useful to distinguish direct and mediated
effects of the father. The former refers to influences which are a product
of the immediate father-infant interaction. It appears that the mother-
infant dyad is not totally insulated from other family members, as the data
from this study show. Finally, there appear to be characteristics of the

husband-wife relationship which influence the child. These three modes of

influence were discussed more extensively in a symposium, "Beyond Father
Absence: Conceptualization of Father Effects," presented at the Biennial
Conference of the Society for Research in Child Development.

Significance to Biomedical Research and the Program of the Institute : Most
of our knowledge of early parental behavior is limited to the mother-infant
unit. The apparent assumption that this is a closed system, relatively
unaffected by the father, and that early paternal behavior is of no conse-
quence is open to question. The observational data on father-infant inter-
action will be unique in their own right, and it is hoped that this study will
contribute to our understanding of another aspect of the infant's early envi-
ronment .

Proposed Course of Project : Additional analyses from the original sample will
be pursued in the coming year. Data collection on a new sample of infants at
5 months of age will also begin in the coming year. Papers dealing with
conceptualizations of paternal influences will be presented at meetings of
the International Society for the Study of Behavioral Development, Surrey,
England, and the American Psychological Association, Chicago, Illinois.

Honors and Awards : None

Papers presented at professional meetings :

Pedersen, F. A. Three modes of paternal influence, presented on symposium
Beyond Father Absence: Conceptualization of Father Effects, at the meeting
of the Society for Research in Child Development, Denver, Colorado, April,
1975.
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Project No. ZOl HP 00004-03 SBS

1. Social and Behavioral Sciences Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Bidirectional Influences in Mother-Infant Interaction

Previous Serial Number: HD-SB4(c)

Principal Investigator: Leon J. Yarrow, Ph.D.

Other Investigators: Robert Klein, Ph.D., Kay Standley, Ph.D.,
Richard Cain, M.Ed., Myrna Fivel, M.A.

Cooperating Units: Pediatrics and Obstetrical Services of National Naval
Medical Center; Childbirth Education Association

Man Years:

Total: 4.00
Professional: 3.50
Other: .50

Project Description:

Objectives : In this study we are looking at mother-infant interaction as a

bidirectional system of reciprocal interactions. We are attempting to under-
stand how maternal behavior and feelings towards the infant are influenced
by infant temperamental characteristics and how infant behavior in turn is

regulated by the mother's responses to him.

Within this objective, there are a number of methodological and substantive
questions:

1. What are the relations between the psychological and physical adapt-
ation of mother and father during pregnancy, and mother-infant adaptation
at four weeks?

2. To what extent does the mother's prenatal adaptation and her expect-
ations of the birth process influence the medication she receives during
labor and delivery?

3. Do infant temperamental characteristics assessed neonatally have
stability over time or are there predictable transformations between 3 days,
4 weeks and 6 months?

4. To what extent are infant characteristics measured at 3 days influenced
by the anesthesia and analgesia used in labor and delivery?

5. What are the relations between infant neonatal temperamental char-
acteristics and maternal caretaking patterns and mother-infant adaptation
at 4 weeks. For example, is there a significant relationship between the
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infant's auditory alertness and the amount of auditory stimulation pro-
vided by the mother

Methods : The sample consists of 46 parents and their first-born infants,
24 boys and 22 girls. Only normal infants, free from complications of

pregnancy and delivery were included in the study. There were five phases
of data collection:

1. Prenatal interviews during the last trimester of pregnancy in which
the prospective parents were interviewed regarding their psychological and
physiological adaptation to the pregnancy experience, the degree of soli-
darity between husband and wife, their expectations of the delivery, their
feelings and anticipations about the unborn child.

2. Information was obtained from the hospital records regarding the
labor and delivery, and the status of the infant at birth, e.g., Apgar score,

birth weight.
3. Assessment of infant characteristics at 3 days and at 4 weeks with

the Brazelton Neonatal Assessment procedure.
4. Time-sampling observations of mother-infant interaction in the home

at 4 weeks.
5. Interview with the mother at 4 weeks regarding her feelings towards

the infant and her view of his characteristics, and her satisfactions and

dissatisfactions with the parenting role.

Major Findings : Data collection has been completed, and analyses of the data

are underway. Several maternal and infant clusters were derived from the

interview and the Brazelton assessment: Maternal self-image; infant alert-

ness, infant irritability and infant motor maturity. The mother's self-image

was based on an interview with three major components: the mother's per-

ception of herself in the maternal role and of the current mother-infant
relationship; her perception of her ability to relate to another adult; and

.her appraisal of herself apart from her maternal role. The alertness cluster

was composed of the following Brazelton items: animate and inaminate visual

orientation; animate and inanimate auditory orientation; and a Brazelton

item which rated the infant's overall alertness during the testing.

In the first analyses of the relationships between pregnancy adaptation, the

delivery, the neonatal status of the infant and the mother's feelings about

herself and the maternal role, we find a group of significant intercor-

relations. Women who see the pregnancy as a positive experience tend to

have infants who are higher in motor maturity and alertness as neonates; their

positive expectations of parenting are significantly related to their neonate's

alertness and motor maturity and negatively related to neonatal irvitability

.

Mothers who show less anxiety in anticipation of labor and delivery are

given less analgesia and anesthesia. The amounts of analgesia and anesthesia

in turn are negatively related to the motor maturity of the infant at 3 days.

Analyses of the mother's feelings about herself and about the maternal role

indicate that they are closely tied to infant alertness. Infant alertness at

3 days is positively related to the mother's self-image when the infant is

four weeks of age. Thus, we find a complex set of interrelationships between

prenatal adaptation, expectations regarding labor and delivery, the medication

used in delivery, the neonatal status of the infant and the mother's feelings

about herself and the maternal role.
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Significance to Biomedical Research and the Program of the Institute : In

this investigation, we are analyzing infant and maternal behavior as part

of a system of mutual regulation. We are trying to go beyond the simple

unidirectional model of looking at the impact of early experiences. This

new perspective should give better understanding of the complex interactions

between parental characteristics and expectations regarding the infant and

infant temperamental characteristics.

Proposed Course of Project : Analyses of data will be carried out during
the coming fiscal year.

Honors and Awards : None

Papers Presented at Professional Meetings :

Yarrow, L. J. "Parents and infants: An interactive network." Presented on
s)nnposium at the American Psychological Association Annual Convention, New
Orleans, La., August, 1974.

Standley, K. "Prenatal and perinatal correlates of neonatal behaviors."
Presented on symposium at the American Psychological Association Annual
Convention, New Orleans, La., August, 1974.

Soule, A. B. "The Pregnant Couple." Presented on Symposium at the American
Psychological Association Annual Convention, New Orleans, La., August, 1974.

Duchowny, M. "Interactional influence of infant characteristics and post-
partum maternal self-image." Presented on symposium at the American
Psychological Asriociation Annual Convention, New Orleans, La., August, 1974.

Copans, S. A. "A comparative perspective on perinatal maternal and infant
effects." Presented on symposium at the American Psychological Association
Annual Convention, New Orleans, La., August, 1974.

A discussion group was organized and chaired by L. Yarrow on Methodological
Issues in Studying Bidirectional Influences in Mother-Infant Interaction at
the meetings of the Society for Research in Child Development, Denver,
Colorado, April, 1975.

Publications :

Standley, K. , Soule, A. B., Copans, S. & Duchowny, M. Effects of local-
regional anesthesia on newborn behaviors. Science , 1974, 186(4164), 634-635.

Soule, B., Standley, K. , Copans, S., and Davis, M. Clinical uses of the
Brazelton Neonatal Scale. Pediatrics, 1974, 54, 583-586.
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Project No. ZOl HP 00005-02 SBS

1. Social and Behavioral Sciences Branch
2. Early Development
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Consistency and Antecedents of Infant Attachment During the

First Year

Previous Serial Number: HD-SB6

Principal Investigators: Robert P. Klein, Ph.D., Joan Durfee, M.A. , Leon J.

Yarrow, Ph.D.

Other Investigators: Myrna Fivel, M.A. , George Morgan, Ph.D., Claire Bennett

Cooperating Units: None

Man Years

:

Total: 2.00
Professional: 1.75

Other: .25

Project Description:

Objectives : This study has both methodological and substantive objectives.
Previous studies on attachment have used a variety of techniques—interview
with the mother, structured situations in the laboratory and varied indices

of attachment. In this study, we are comparing data obtained from obser-
vations in the home, from an interview with the mother, and from observa-
tions of structured situations in the laboratory. Underlying this method-
ological question is the conceptual issue of what are the most appropriate
behavioral measures of this relationship.

The second objective is to study the antecedents of the distinctive tie be-
tween mother and infant. The relationship between several environmental vari-
ables studied at 6 months, e.g., amount of kinesthetic stimulation and mother's
responsiveness to baby's distress and measures of attachment at 12 months will
be examined.

Methods Employed : The sample consisted of forty mothers and their twelve month
old infants, 20 boys and 20 girls, with half of each sex being first and half
later born. About half of the sample was seen at six months (Project No.
ZOl. 00002).

Two home observations of two hours duration, approximately a week apart were
conducted within two weeks of the baby's first birthday. Observations were
made of selected mother and infant behaviors in a number of critical situ-
ations which were comparable to measures that had been used in laboratory
studies of attachment behavior. The infant's reactions to such events as the
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mother entering the room, leaving the room, the appearance of the mother when
the infant was crying were recorded. The infant's vocalizations, smiles,
approach behaviors, cessation of crying were also recorded.

Following completion of the two home observations, the mother and infant were
brought to the Social and Behavioral Sciences' playroom for a series of

observations.

1. The infant's initial response to the experimenter/ interviewer was
observed from behind a one-way mirror. The experimenter approached the

infant in a pre-determined, structured but natural manner. The mother was
then asked to go through the same approach.

2. The mother was interviewed, using a semi-structured interview

regarding selected aspects of her baby's social functioning in relation
to herself, the baby's father, other familiar people, and strangers.

3. During the interview, the infant was provided with toys and his
exploratory behavior and social initiative and responses (vis a vis mother
and interviewer) were observed from behind the one-way mirror.

4. At the completion of the interview proper, the mother was asked to
leave the room and the infant's reactions to being left with the interviewer
were recorded. His reactions to the mother's return were also noted.

Major Findings : Collection of data has been completed. The first analyses
have dealt with infants' reactions to an approach first by the stranger and
then by their own mother. We have found that infants react to strangers
differently from the way they react to their mothers in some ways; but in

other ways the infants' reactions to a stranger were remarkably similar to

the way they reacted to their mothers. These are important findings because
in recent years there has been much discussion of whether the distress
infants show to strangers in laboratories is due to the artificial
nature of the stranger's approach. By having the mother approach her infant
in the same way as the experimenter we have been able to collect data to help
resolve this issue. Our findings indicate that the infants showed more
distress to the stranger than to their mother, but that there were some
infants who showed distress when picked up by their mothers as well as when
picked up by the stranger. Furthermore, although the infants reacted less
positively to the stranger than they did to their mothers, this was only a

relative difference. Especially at the beginning of the approach by the

stranger, considerably more than half the infants showed very clear posi-
tive reactions.

Analysis of data from the home observations has Just begun. First analyses
show some interesting differences between first-borns and later-borns. The
first borns show more distress and are involved in more conflict with their
mothers than later borns. In addition, the later-borns evidence more indepen-
dence than the first-borns. One possible hypothesis is that during the first
year of life, later-borns learn to make fewer demands on their mothers and
are able to amuse themselves for longer periods of time than do first-
borns. Our finding that later-borns show more independence is a; variance
with studies of older children and adults, which find more independence in
first-borns.
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Significance to Biomedical Research and the Program of the Institute :

The study of "attachment" is central to understanding the development of

affectional relationships. Most of the research on attachment has been
carried out in contrived situations of a rather stressful nature. There has
been little comparison of reactions of infants in these experimental situ-
ations with behavior in natural settings.

Proposed Course of Project : Data analysis will continue throughout the next
fiscal year.

Honors and Awards : None

Papers Presented at Professional Meeting :

Klein, R. P. & Durfee, J. T. "Infants' Reactions to Strangers vs Mothers."
Society for Research in Child Development, Denver, Colorado, April, 1975.
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Project No. ZOl HP 00006-02 SBS

1. Social and Behavioral Science Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Determinants of Infants' Reactions to Strangers

Previous Serial Number:

Principal Investigator: George A. Morgan, Ph.D.

Other Investigators: Robert Harmon, M.D., Claire Bennett

Cooperating Units: None

Man Years:

Total: .55

Professional: .35

Other: .20

Project Description:

Objectives : In the second half of the first year of life many infants avoid
contact with and protest when approached by an unfamiliar adult . This
reaction contrasts markedly with the unreservedly positive responses of
younger infants. The broad aim of this series of studies has been to sort
out the factors which influence infants' negative reactions to strangers.

Methods Employed : The main source of data for this project has been 80
4- to 13-month-old infants and their mothers who were studied several years
ago at Cornell University. Two types of data were obtained. Mothers were
interviewed at home when the infant was asleep. They were asked about the
infant's contacts with familiar and unfamiliar people , his reactions to
strangers, his reactions to separation from mother and his temperament. A
few days after the interview, the infant was brought to a comfortably fur-
nished room for systematic observation of his reactions to two unfamiliar
adults. During the approximately 30-minute session, the strangers inter-
acted with the infant 7 times, using several standardized approach sequences.
The infant's facial expressions, vocalizations and postural activity were
recorded every three seconds.

Similar data were obtained on the 44 one-year-old infants of the attachment
and effectance motivation projects (ZOl. 00005 and ZOl. 00008). These infants'
initial reactions to unfamiliar adults were observed in each of five sessions
between llJg and 13^5 months, three times at home and twice in a laboratory
playroom. The mothers were also interviewed about the infant's exposure to
people and reactions to strangers.
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Maj or FInding

s

; There has been considerable research on reactions to

strangers. There have been a number of apparently contradictory findings
which seem to be due to a failure to recognize the complex determinants of

these reactions. Our work has been designed to add to our understanding
of some of these complexities.

Most studies of fear of strangers have focused on stimulus (e.g., adult vs.

child stranger), situational (e.g., mother present or absent), and age deter-
minants. There is very little definitive knowledge about experiential deter-
minants. To investigate the commonly held hypothesis that infants who have
been exposed to a limited number of people have intensified negative reactions
to strangers, we examined both the original Cornell data and the new data from
the attachment and effectance motivation studies. The results are complex,
but in both samples, infants whose major contact at 3 months was with familiar
adults were significantly more likely to be upset at 8-12 months than those
who were more exposed to strangers. Infants with relatively little early
exposure to adult strangers do not seem to have learned to trust such people.

There has been a growing realization among investigators that infant's
reactions to unfamiliar persons cannot be, as they often have been in the
past, described simply as "fearful" or "nonfearful," or even as varying along
a single dimension of the degree of fear. Infants' reactions to strangers are
complex and variable; any given baby is likely to show a variety of both
affectively positive and negative behaviors. Given the complexity of this
reaction, it is understandable that investigators have used a variety of
scoring systems. We felt that the sometimes divergent results reported in

the literature were at least partly due to such differences in scoring.
Because our original data was very detailed, it was possible to look at it in

several different ways and, thus, study the implications of scoring methods
similar to those used by several other investigators. We were able to show
that such differences in scoring can lead to very different conclusions about
the frequency of occurrence of "fear of strangers." We also found that each
of several methods which have been used to summarize infants' reactions covers
up an important aspect of these complex behavior patterns. For example, under
certain conditions one-third of the 10- and 12-month-old infants in the
original sample showed nearly simultaneous positive and negative behaviors ,

indicating that they are both attracted to and uncertain about strangers.
An unfamiliar person is sometimes seen by the baby both as an interesting
attractive object to be explored and as a potentially threatening one to be
avoided. In most situations only one or the other of these responses is
shown, but under certain conditions such mixed reactions can be seen. Similar
observations were made for the 12-month-old infants in the new sample and are
described in the Attachment Project report. This work was discussed recently
at a national meeting in a symposium organized by members of the Social and
Behavioral Sciences Branch.

Significance to Biomedical Research and the Program of the Institute; An
infant's concern about the approach of strangers is important because it may
provide us with clues about the development of his attachment to his mother
and the development of his trust of other people. Psychiatrists have long
felt that " stranger anxiety" was an important milestone in the development
of the ego. Although marked distress toward strangers is rare after infancy
and is quite variable even then, subtler forms of uneasiness and discomfort
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in strange places and when meeting new people continue throughout the life

span. Since some people's lives are considerably disrupted by such shyness ,

it is important to understand the determinants of early indications of the

phenomenon.

Proposed Course of Project : This project, as a separate entity, should be

completed by the end of this fiscal year. Investigation of these issues will
continue as a part of the Attachment project (ZOl. 00005), which may make
further use of the original data base for certain corroborating analyses.

A presentation on the social exposure findings is planned for next fall and
a literature review summarizing this and related work is being prepared for
publication.

Honors and Awards : None

Papers Presented at Professional Meetings :

Harmon, R. J. Overview of infants' reactions to unfamiliar adults. In

R. J. Harmon and G. A. Morgan (chairs). Infants' reactions to unfamiliar
adults: A discussion of some important issues. Symposium presented at the
Society for Research in Child Development Biennial Meeting, Denver, Colorado,
April, 1975.

Morgan, G. A. & Bennett, C. A. Implications of methods of scoring. In

R. J. Harmon and G. A. Morgan (chairs). Infants' reactions to unfamiliar
adults: A discussion of some important issues. Symposium presented at the

Society for Research in Child Development Biennial Meeting, Denver, Colorado,
April, 1975.

Publications :

Morgan, G. A., Levin, B., & Harmon, R. J. Determinants of Individual Dif-
ferences in Infants' Reactions to Unfamiliar Adults. JSAS Catalog of

Selected Documents in Psychology , 1975, in press.
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Project No. ZOl HP 00007-01 SBS

1. Social and Behavioral Sciences Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Environmental Influences on the Development of Object
Permanence and Problem Solving Behavior in Infants

Previous Serial Number: None

Principal Investigators: Juarlyn L. Gaiter, Ph.D., Leon J. Yarrow, Ph.D.

Other Investigators: Bette Marcus, M.A.

Cooperating Units: Parent and Child

Man Years:

Total: .50

Professional: .40

Other: .10

Project Description:

Objectives : To examine the relationship between the kinds of activities the

mother and infant and the father and infant engage in with objects and the

development of object permanence and skill in problem solving .

Methods Employed : The sample consists of 44, 13-month-old white middle class

infants and their mothers. These infants are a part of a larger longitudinal

study of the cognitive and motivational development of infants.

The infant's developing ability to conceive of objects as external, permanent

and as having an independent existence apart from his own actions were exam-

ined using a scale for assessing Object Permanence developed by Uzgiris and

Hunt (1966) , In addition, three problem solving tests were designed to meas-

ure the ability of infants to detour— to use an indirect means to obtain a

desired object obstructed by a barrier and to examine the infant's ability to

reach around a transparent barrier to obtain a toy object on the other side.

The infants were assessed on the detour problems at 13 months in one lab-

oratory session. The data recorded during the problem solving session meas-

ured such behaviors as the amount of time required to solve the problem, and

several ratings were made of qualitative aspects of their performance, such

as the degree of efficiency demonstrated by the infants in solv^ing the prob-

lems. Following this session a home visit was made and the mother was inter-

viewed concerning the types of activities she and her husband engage in with

the infant. We were especially interested in obtaining a measure of parental
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activities in demonstrating a conceptual rule to the infant. Examples of

such activities are teaching the baby a peek-a-boo game, showing him how to

play games where a toy is hidden, naming and distinguishing objects in the

environment by pointing out similarities and differences. During this visit

the infants were given the object permanence test and on their level of object

concept scores were obtained.

Major Findings : The data have been collected on 44 infants.

Significance to Biomedical Research and Programs of the Institute : This

project interfaces with the longitudinal study of cognitive and motivational
development in the infancy period. The Object Permanence Test and the prob-
lem solving tasks both test the infant's ability to understand that objects
are permanent and external to themselves and the ability to solve problems
by following a conceptual rule. Both factors are important early compon-
ents of intellectual functioning.

Proposed Course of Project : Data analysis will be carried out during the
next fiscal year.

Honors and Awards : None

Publications: None
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Project No. ZOl HP 00008-02 SBS

1. Social and Behavioral Sciences Branch

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: The Measurement of Effectance Motivation in One Year Olds

Previous Serial Number: HD-SB-13

Principal Investigators: Leon J. Yarrow, Ph.D., George A. Morgan, Ph.D.

Other Investigators: Robert J. Harmon, M.D., Juarlyn L. Gaiter, Ph.D.,

Kay D. Jennings, Ph,D.

Cooperating Units: None

Man Years:

Total: 3.10
Professional: 2.85
Other: .25

Project Description:

Objectives : One aspect of infant functioning, effectance motivation , the

motivation to master problems and co have an impact on his environment, has

received considerable theoretical attention, but little empirical study.

One reason for this lack is the difficulty in translating this concept into

meaningful measures.

In this study we have tightened the concept of effectance motivation and

developed techniques of measurement. For a subsample on whom we have data
at 6 months we are planning to analyze relationships between measures of

mother- infant interaction at 6 months and effectance motivation at one year.

We are also going to analyze relationships between cognitive-motivational
measures at 6 months and measures of effectance motivation at one year.

The present research comes out of an earlier longitudinal study of the rela-
tions between the early environment and infant functioning. In this study
marked individual differences were found among 6-month-old infants in cog-
nitive-motivational characteristics thought to be precursors of effectance
motivation. These differences in cognitive-motivational functioning were
related to specific aspects of the infant's early experience with people and
objects. Some of these aspects of early functioning were also related to

intelligence at age 3%.

Methods Employed : The sample consisted of 44 middle-class mothers and their
infants, 23 boys and 21 girls. Twenty-six babies were part of the sample
studied at 6 months (project ZOl. 00003). Each infant and mother were seen
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three times: at 12 and 13 months in our playroom and at 13 months in their
homes

.

During the 12 month session, the infant was free to play with a variety of

toys while the mother talked with an interviewer. The infants' spontaneous
attempts to repeat activities which produced effects and their attempts to

set up and solve simple problems were observed. Video tape records were
made and are being scored in detail.

Ten problems were developed to measure effectance motivation and persistence
in problem-solving. During the 13 month playroom session, the infant was
presented with these tasks. All of the problems are relatively difficult for

infants of this age. They are of several types. Some require the infant to

reach around a barrier to obtain an object, e.g., a toy placed behind a glass
screen. Other problems require use of objects as tools. For example, a toy
placed out of reach of the infant on a pad which he had to pull toward him to

obtain it. Several items provide opportunities to produce visual or auditory
feedback by the infant's actions, e.g., by pushing or pounding a lever he

can make balls bounce around inside a plastic cylinder.

The following types of measures were obtained: The amount of time the infant
spent touching the apparatus, the amount of time he persisted in attempting to

solve the problem or produce the effect, the variety of ways in which the
infant attempted to solve the problems, and the amount of time required to
solve each problem.

During the 13 month home visit, the infant was given a standardized infant

developmental test, the Bayley Scales of Infant Development. Then the mother
was interviewed about several of the topics discussed in the 12 month inter-
view.

Major Findings : Data Collection has been completed and analyses are in the

early stages. We have developed clusters of items from the Bayley Scales of

Infant Development, e.g.. Persistence, Problem-Solving, Perceptual-Cognitive
Functions, Imitation, Language. We have derived scores on the effectance
items to form clusters such as. Persistence in Attempts at Effectance Moti-
vation. In looking at relationships among these clusters we find, for example,
a correlation of .50 between the cluster. Persistence in Attempts at Problem-
Solving and Persistence in Attempts at Effectance Production, suggesting that

these measures tap somewhat different aspects of functioning. These two

measures also showed quite different relationships with the Bayley Mental
Developmental Index. The correlation between Persistence in Attempts at

Problem Solving and Bayley Mental Developmental Index was .70, while the

correlation between the Mental Developmental Index and Persistence in Attempts
at Effectance Production was insignificant (r = .17). These findings suggest
that persistence in problem solving attempts is important for performance on

the Bayley, whereas interest in producing feedback is not.

Significance to Biomedical Research and the Program of the Institute : In

recent years the measurement of cognitive functions in early childhood has
occupied the center of interest, with relatively little attention given to

motivational functions. Early effectance motivation and persistence in
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problem-solving may be significantly related to the development of competence
and self-esteem in later childhood. Moreover, the poor predictability of

measures of intellectual development during infancy may be partly related to

our failure to consider the role of motivational factors.

Proposed Course of Project : Data collection has been completed and analyses
have begun during this fiscal year. Next year analyses will be completed
and papers prepared for publication. The predictability of these measures
will be studied through a follow-up investigation of these infants when they
are 3 years, to determine whether the measures at 12 months are related to

competence at 3 years.

Honors and Awards : None

Publications: None
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Project No. ZOl HP 00009-02 SBS
1, Social. and Behavioral Sciences Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Early Mother-Infant Interaction and Cognitive Development
Among Premature Infants

Previous Serial Number:

Principal Investigator': Frank A. Pedersen, Ph.D.

Other Investigators: Robert Harmon, M.D. , Barbara Strain, Ph.D., Richard
Cain, M.A.

Cooperating Units: Parent and Child, Childbirth Education Associates

Man Years:

Total: .40

Professional: .35

Other: .05

Project Description:

Objectives : The basic problem is to determine the extent to which the pre-
mature infant's isolation and separation from parents (a consequence of being
kept in the nursery) influence the mother-infant interaction and affect subse-
quent cognitive development. In this study comparisons will be made between
two groups of prematures that differ in length of the stay in the isolation
nursery but are at low risk of neurological damage. The following areas will
be assessed:

1. The quality of the mother's interaction with her infant.
2. The mother's perception of the infant's temperament and early

personality.
3. The infant's early cognitive and cognitive-motivational development.

Methods Employed : The sample will consist of 30 premature infants who are
judged to be at low risk of neurological damage, 15 of whom had a relatively
brief nursery stay (7-10 days) and 15 infants with a longer nursery stay
(3-4 weeks). The groups will be matched on the following variables: birth
order, socioeconomic level, race, maternal age, sex composition, and age
from conception at time of data collection.

There are three phases of data collection that will be concentrated around
the 5-month age period:
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NICHD Annual Report
Behavioral Biology Branch

July 1, 1974 through June 30, 1975

The Behavioral Biology Branch is engaged in two rather disparate approaches

to brain function. In both the Section on Neurobiology and the Section on

Functional Neurochemistry, we are studying the cellular and molecular
mechanisms which determine neuronal and hence nervous system function.

Of particular interest are 1) the molecular basis for the establishment of

specific synaptic connections between different classes of neurons,

2) mechanisms responsible for modification of neuronal physiology, especially
synaptic connectivity, under various circumstances and 3) biochemical,
inductive interactions between neurons and their target organs which may be

related to normal growth and development. These broad questions involve a

number of biological processes which require a number of different pre-

parations and techniques for their study. We have developed cell cultures
of mammalian nerve and muscle and some relatively simple invertebrate or

amphibian preparations and applied electrophysiologic, fine structural and
biochemical techniques to their analysis. A great deal of collaborative
work is done between the two Sections and both preparations and techniques
are extensively interchanged. In the Section on Brain and Behavior a

relatively complex but well specified model of species-specific communication
has been developed in the squirrel monkey. Behavioral studies are combined
with single neuron electrophysiologic analysis of responses to vocalizations.
Computer analysis of the vocalizations has given considerable resolution of
the acoustic features of this model system for a primate communication
system.

I. Section on Neurobiology .

Muscle cells exert an inductive effect on spinal cord cells in culture such
that the activity of the enzyme choline acetyl transferase (CAT) is increased
by 10-fold or so in the spinal cord cells. This effect has been shown to
be at least in large part due to a diffusible substance, probably a large,
non-dialyzable molecule. Characterization of the inducing material is needed
and the nature of the regulation involved in this induction requires study.
This latter study involves purification of CAT and production of a pre-
cipitating antibody to it so that the enzyme itself rather than its activity
can be measured.

A number of neurophysiologic properties of spinal cord (SC), dorsal root
ganglion (DRG) and brain neurons have been examined. Receptor distribution
and permeability mechanisms associated with a number of putative neuro-
transmitters have been demonstrated. Glutamate receptors are non-uniformly
distributed in many SC cells. Glycine and GABA receptors are present in
both brain and SC cells but the nature of these receptors appears to differ
in these cell types. Glycine receptors are inactivated by glycine containing
medium in SC but not brain cells and inhibitory synaptogenesis is markedly
decreased by glycine containing medium in SC cultures. Observations in the
literature suggest that this finding may be of relevance to the problem of
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the etiology of epilepsy. An electrogenic pump has been demonstrated in

SC cells and neuropharmacologic studies (including a number of anesthetic
agents) have been initiated with the uerwe cell cultures. These offer con-

siderable promise for elucidating membrane mechanisms of neuroactive drugs

because of the great accessibility of the cultured cells.

In conjunction with members of the Section on Functional Neurochemistry,
studies of axonal transport and of transneuronal migration of material are

being carried out. One aspect of this is the visualizable movement of

organelles within neuronal processes. Quantification of this movement has

been possible using computer techniques and a crucial role for divalent
cations has been demonstrated. Further analysis of the mechanism for such

particle translocation is planned.

A new project has been begun this year on gene expression in the nervous
system as studied by molecular hybridization techniques. Highly purified
unique sequences of DNA from a variety of species have been prepared and
methods of RNA isolation worked out. We are studying patterns of trans-
cription, quantitating the number of genes active in various tissues, cell
lines, and organs. Ongoing projects are: 1) study of brain RNA diversity
in humans and other primates, 2) study of RNA diversity in brains which have
had different sensory-behavioral experience, 3) RNA differences between normal
and dystrophic mouse muscle and brain, 4) study of the transcriptional effects
of neurotransmitters on spinal cord cells, and 5) study of the transcriptional
effects of Rous sarcoma virus on chick fibroblasts.

The EM laboratory, in addition to all standard techniques for fixation and
embedding of tissues, cells and cell fractions is capable on a routine basis
of retrieving for electron microscope examination individual cells that
have been studied with electrophysiological or cinematographic techniques or
both. Structural changes have been demonstrated in the endoplasmic reticulum
of neurons as a consequence of physiological stimuli that have been shown by
others to affect Ca-movements in neurons. Freeze fracture studies of
junctions between the endoplasmic reticulum and surface membrane of neurons
compared with junctions between the surface membrane and sarcoplasmic
reticulum of muscle show that these junctions are similar. Taken together,
the morphology of thin sections and freeze fracture suggest that in neurons,
as in muscle, surface electrical activity may be coupled to intracellular
events via release of Ca from the endoplasmic reticulum.

The pigment granules of Aplysia neurons have been found to contain Ca. These
structures are derived from ER and may be related to lysosomal de:ise bodies.
The structure of these granules is sensitive to illumination, the effect of
light apparently being related to release of Ca from the granules (based on
the work of others). Freeze-fracture is also being used to analyze the
morphologic change in pigment granules in response to light. In the dark
(high Ca-state) they appear to contain globular particles which, upon
illumination (lower Ca-state) associate into lamellar forms which fracture
as do bi layer membranes.
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Correlation of fine structure with complete analysis of cine records of
particle motion in neurites in culture has allowed us to identify the
organelles moving and to narrow down the number of possible linearly arranged
structures likely to be involved in transport by the finding that micro-
tubules, but not neurofilaments, are present in some of the young neurites
that were filmed.

Fine structural changes accompanying changes in cell shape associated with
"differentiation" have been studied. X-irradiated L-cells form long neuron-
like or glia-like processes upon treatment with cyclic AMP for a few hours.
Electrophysiology, cinematography and electron microscopy have been combined
to attempt to describe the processes involved. Another case of a dramatic
cell shape change has recently been described which is triggered in human B

lymphocytes by their binding of antigen-antibody complexes attached to a

surface. This morphologic change occurs within a few minutes and often
involves the extension of a single process (uropod) which can be as long as

3-4 times the diameter of the cell body (nucleus-containing region). We have
found this rapid extension of a process to be associated with the formation
of microtubules. The cells capable of undergoing this shape change contain
membrane-bounded vesicles which contain material that appears to be tubulin
polymerized in a para-crystalline array as large diameter tubules. These
vesicles break down in correlation with the extension of a process and may
act as a source of concentrated tubulin monomers for local microtubule
polymerization.

II. Section on Functional Neurochemistry .

Studies in this section include 1) the synthesis, processing, intra-axonal

transport, and release of proteins and peptides in identified invertebrate

neurons (mollusca and Crustacea) and vertebrate neural systems (e.g., frog

and toadfish sensory and motorneurons), 2) the intercellular transfer of

molecules between glia and axons (in crayfish and squid giant axonal systems),

3) the role of neural active peptides in modulating pacemaker activity in

molluscan neurons, and 4) the regulation of specific protein synthesis in

neurons by synaptic and hormonal inputs.

The analysis of specific protein metabolism in identified molluscan neurons

has demonstrated that: 1) phenotypically distinct neurons synthesize bio-

chemically distinct proteins, 2) in specific neurosecretory cells (e.g.,

R15, R3-14, L2-6, Bag cells in Aplysia , and cell 11 in Otala ) a specific

precursor protein (prohormone) is first synthesized and is then converted to

smaller specific polypeptide products (hormones and carrier proteins), 3) the

precursor and/or product molecules (in granules) are transported into the

axon and ultimately to the terminal for release, 4) this transport process

can be blocked by colchicine and possibly by reduction of [Ca"*""*"], and 5)

the products (i.e., the specific polypeptides) are released by depolarization

(dependent on external calcium ion), as demonstrated in experiments on the

bag cells of Aplysia . These experiments have led to a model in which neuro-

secretory proteins are synthesized on ribosomes as precursors, packaged

into granules by the Golgi bodies, and then transported into the axon where

processing of the precursor into products occurs within the granules.

405



The dramatic alteration in cell 11 when the animal ( Otala ) changes from the

dormant to the active state continues to be studied. A peptide factor of

neural origin has been isolated which induces bursting pacemaker activity

in dormant cell 11. The mode of action is similar to that of neuro-

hypophysial peptides, although the peptide does not appear to be vasopressin

or oxytocin (determined by resistance to inactivation by trypsin and

chymotrypsin). The main value of this model system remains to be exploited,

i.e., to determine the mechanism which induces the synthesis of the low

molecular weight proteins in the dormant neuron.

The bursting pacemaker potential (BPP) found in various mol Tuscan neuro-

secretory cells could serve to augment secretion at the terminal by frequency

potentiation (i.e., facilitation). Studies in collaboration with Dr. T.

Smith demonstrated that long-term modulations of electrical activity can be

produced by biophysical actions of low concentrations of specific molecles
(e.g., peptides).

Studies on the protein synthesis of the giant axon of the Squid (in collabo-
ration with Dr. R. Lasek, at the Marine Biological Laboratory, Woods Hole,

Massachusetts) have led to the observations that the axon's newly synthesized
protein has its origin in the Schwann cell layer immediately surrounding the
axon. We have considerable evidence for the intercellular transfer of these
proteins (ranging from 0.5 million to < 12,000 daltons), and now are studying
the regulation mechanisms underlying these glial -neuronal interactions and
the biological significance of these transported proteins.

Experiments on axoplasmic transport of proteins have been conducted on the
sonic motor system of the toadfish and the isolated frog spinal cord, sensory
and sympathetic ganglia. The results show that 1) transport occurs at 5 mm/
hour, 2) the 35s-methionine labeled protein profiles of the motor and sensory
axons are similar and consists of 6 major peaks at 130, 68, 57, 43, 25, and
18,000 daltons, 3) the symoathetic profile appears more complex, however.
The similarity between the fast components of the motor and sensory systems
suggests that this component of axonal flow is responsible for the maintenance
of proteins with rapid turnovers and similar functions (possibly membrane
components).

Isolated invertebrate preparations with easily available synaptic physiology
and pharmacology have been utilized to study the effects of various agents
which act as general anesthetics. Pentobarbital (1) selectively depresses
excitatory transmission without affecting inhibitory transmission, (2)
selectively blocks post-synaptically the excitatory action of glutamate, but
not the inhibitory action of GABA, (3) excitations due primarily to Na+
conductance are blocked, but excitations due to CI" conductance increase or
K+ conductance decrease, or peptide induced conductances are not blocked,
(4) pharmacological analysis suggests non-competitive inhibition, and
(5) the potency of inhibition was directly correlated with hydrophobicity
(r = 0.95). These results may provide insight into the cellular mechanisms
underlying general anesthesia.
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III. Section on Brain and Behavior .

Studies initiated during the previous year on the functional significance

of a pathway from dorso-lateral frontal cortex to secondary auditory areas

have been partially completed. Several anatomical studies have demonstrated

the existence of such a pathway, and some behavioral and evoked potential

studies have suggested it may play a role in processing auditory input.

Our experimental approach to this question has been to stimulate electrically

the relevant frontal areas while recording from single neurons in the

superior temporal gyrus. Frontal effects on either the spontaneous firing

rate or the response to acoustic stimuli would constitute presumptive
evidence for a functional significance of the fronto-temporal pathway.

About 10% of neurons from our sample were discovered to be influenced by

frontal stimulation. The effect seen was in all cases inhibitory, which
contrasts with our recent findings relating to brainstem influences on

acoustic neurons. Effects consisted both of reductions in background firing

rate and diminished response to acoustic stimuli. The prompt development of
inhibition following electrical stimulation of the frontal lobe and the absence
of any effect on the EEG rhythms recorded simultaneously with unit recording
constitute presumptive evidence for a functional role of the fronto-temporal
pathway in processing acoustic input.

A detailed description has been made of vocal behavior of squirrel monkeys,
including the frequency of occurrence of defined micro-structural features,
in a variety of behavioral contexts. Delineation of the relative contri-
bution of genetic and environmental factors in the development of normal

vocal behavior in infant monkeys has begun.

Extensive recordings were made from three infaints bred in our laboratory.
The vocal histories of the parents were known except for one father. Analysis
of this material is partially complete, and has confirmed a strong re-

semblance of vocal dialect in the infant at 4 weeks of age to that of the

mother. No clear influence of paternal dialect has been found to date in

this small sample.

A program of establishing genetic bases for vocal dialects has been under-
taken. Recordings from animals at New England Primate Center have been
obtained, and 12 animals in our colony have been karyotyped by Dr. White.
Known differences between monkeys of specific geographic origins have been
confirmed. A breeding program has been established in which vocal traits as

well as known karyotypes are sought. It is planned to continue breeding at
a level of approximately 5 infants per year in our own colony and to obtain
additional infants elsewhere.

A study of mother-infant recognition by vocal cues is planned for late FY 75.

If it can be established that mothers are able to recognize their own infants
by vocal cues alone a more solid evidential basis would exist for studying
the acquisition of dialects and unique traits in infant squirrel monkeys.
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More detailed studies were undertaken of the twitter call, a vocalization

used in feeding and social contact situations. Prior work suggested details

of structure which were plastic - i=e., changed with dominance status. New

data was obtained from 4 female monkeys, and approximately 700 twitter calls

collected. This data base is substantially greater than any previous sample,

and will permit a more extensive analysis of call variability, dialects and

plasticity.
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Project No. Z01 HD 00046-06 BB
1. Behavioral Biology Branch
2. Section on Neurobiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Physiologic studies of neurons and other cell types in cell
culture.

Previous Serial Number: HD-BB5

Principal Investigators

Other Investigators:

Cooperating Units:

Phillip G. Nelson, M.D., Ph.D.
Bruce R. Ransom, M.D., Ph.D.

Elaine A. Neale, Ph.D.
Clifford N. Christian, Ph.D.

Ronald W. Holz, M.D., Ph.D.

Neville Brookes, Ph.D.

Section on Technical Development, National Institute
of Mental Health.

Man Years:

Total: 6.5

Professional: 3.7

Others: 2.8

Project Description:

Objectives : To determine the cellular mechanisms underlying the functional
properties of neurons. We have continued to utilize mammalian cell cultures,
emphasizing the analytic advantages conferred by the accessibility of the
neurons in these cultures. Of particular interest are membrane properties
related to synaptogenesis and culture conditions that affect development of
synapses.

Methods Employed : The culturing and electrophysiologic methods have been
described in previous reports. Briefly, dissociated fetal mouse and rat
brain and spinal cord are grown on plastic or collagen coated tissue culture
vessels. Intracellular microelectrode techniques and microiontophoresis are
used to assay surface membrane properties of chemical and electrical excita-
bility.

Major Findings : We have found that the presence of glycine ch»'onically in the

culture medium prevents formation of inhibitory synapses between cultured
spinal cord cells. Inhibitory synapses do form between brain cells grown in

glycine containing medium. Glycine is probably the inhibitory transmitter
in the spinal cord, but in the brain, many inhibitory synapses are not

409



glycinergic. The blocking effect of glycine thus appears to be specific to (

glycine mediated synaptic connections.

Spinal cord neurons exhibit an electrogenic sodium pump which is active even

in quiescent cells and which is further activated by procedures that increase

the intracellular sodium concentration. The membrane hyperpolarization pro-

duced by pump activity has a profound effect on neuronal electrical activity

indicating that this property must be taken into account in any studies of

central neuronal excitability. ^

Experiments have been initiated on the membrane effects of a variety of

oligopeptides, including substance P and thyrotropin releasing factors. It

appears that some of the active peptides of importance in the endocrine system:

have neuronal actions as well.

Recent experiments have utilized the spinal cord culture system as a model for

assessing the cellular mechanisms of action of clinically important drugs.

The membrane effects of pentobarbital are such as to modify responses both to

an excitatory substance, glutamate, and an inhibitory substance, gamma amino-
butyric acid (GABA). Pentobarbital decreases the glutamate responses and
prolongs and alters the configuration of the GABA response. Other anesthetic
agents tested only depressed the glutamate responses. Pentobarbital clearly
has a postsynaptic effect on central neuronal excitability; experiments to

assess presynaptic effects on transmitter release are planned.

Significance to Biomedical Research and the Program of the Institute : Factors,

affecting synapse development are of crucial importance to normal development
of brain function. Deficits in inhibitory synaptogenesis related to abnormal
levels of glycine in the brain may be of relevance to abnormalities such as

epilepsy or some forms of mental retardation. The cell culture system is

ideal for analyzing mechanisms of action of a number of clinically useful
drugs such as the barbiturates. Long term effects on neuronal development

,

are of importance since these compounds are widely given to children during
periods of central nervous system development. !

Proposed Course : More detailed and quantitative studies of synaptic function
are planned using computer techniques recently developed in this laboratory.
Collaborative studies with the Medical Neurology Branch, NINDS have been
initiated to study possible pathophysiologic mechanisms in such disease states
as myasthenia gravis. More extensive experiments on the activity of various
peptides in regulating neuronal excitability are planned.

Keyword Descriptors: Tissue culture, neurons, neurotransmitters, membranes,
barbiturates, synaptogenesis, peptides, glycine, sodium
pump, gamma aminobutyric acid.

Honors and Awards: None
i

Publications:
\

!

1. Nelson, P. G. : Nerve and muscle cells in culture. Physiol. Reviews 55:
1-61, 1975.
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Vol. 2, 1975, pp. 101-127.
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Project Title:

Project No. ZOl HD 00047-06 BB

1. Behavioral Biology Branch
2. Section on Neurobiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Biochemical studies of neuronal and other cell types in cell

culture.

4

Previous Serial Number: HD-BB5

Principal Investigators: Bruce K. Schrier, M.D., Ph.D.

Phillip G. Nelson, M.D., Ph.D.

Other Investigators:

Cooperating Units:

Joseph H. Neale, Ph.D.
|

Earl W. Godfrey
Marina Mata, M.D.

Douglas A. Boenning

Dr. David C. Klein, Laboratory of Biomedical 1

Sciences, NICHD
I

Dr. Vernon Rowe, Laboratory of Biomedical Sciences,
|

NICHD i

Dr. Richard Maurer, Sandoz, A.G., Basel, Switzerland"

Man Years:

Total

Others:

4.5

Professional: 3.0

1.5

Project Description:

Objectives : We are continuing to develop new methods for analysis of im-

portant neurobiologic properties using a variety of cell culture systems, and

to apply these analytical techniques to fundamental neurobiologic problems.

We are evaluating trophic effects of cells of one type on another, particu-

larly with reference to combined cultures of spinal cord and muscle cells.

Our aim is an understanding of the regulatory phenomena which occur with

enzyme induction.

iMethods Employed : Most of the culturing, biochemical, and morphologic

techniques have been detailed in previous reports. New methods being developec

include: (1) immunochemical methods for analyzing rates of synthesis and de-

gradation of a specific protein, (2) cloning of cells from established cell

lines using rings of Sylgard, (3) transformation of fetal rat brain cells in

primary culture with viruses induced from mouse neuroblastoma cells by

iododeoxyuridine treatment.
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Major Findings: a) We have continued to evaluate the inductive effect on
spinal cord (SC) cell enzymes of co-culture with muscle cells and of muscle
conditioned medium. These studies have followed two avenues: (1) Using
immunoprecipitation methods, we are investigating changes in the rate of
synthesis and/or degradation of the enzyme choline acetyl transferase (CAT)
which is induced as much as 17-fold in SC-muscle co-cultures. (2) It has
been determined that the inducing factor(s) in muscle cell culture con-
ditioned medium is non-dialyzable and stable at 58°C. Further studies to

characterize and purify this substance are in progress.

b) We have determined that the considerable activity of the enzyme glutamate
decarboxylase (GAD) in pineal glands is not regulated by norepinephrine,
diurnal cycle, superior cervical ganglionectomy or ablation of the habenular
nucleus. The activity is lost much more slowly from cultured glands than
would be consistent with its presence in nerve endings from afferents to the
gland. Its synthesis rate is rather slow in comparison to acetylcholinesterase
as shown by insensitivity to inhibition by cycloheximide; GAD does not appear
to have an essential histidine near the active site, as evidenced by the

absence of change in its activity during culture with 2-fluorohistidine.

c) The investigations of GAD activity in pineal glands and cell cultures
necessitated the development of a new assay for the enzyme. We had previously
shown that the C02-collection radiometric assay gave spurious data except with
brain homogenates. Our alternative assay, in which ^^C-GABA was identified

by high voltage electrophoresis, was '^ery expensive and time-consuming. We

have therefore developed a new method for separation of product GABA from

contaminant glutamine and substrate glutamate. This assay utilizes two

successive ion exchange columns, and permits analysis of many more samples,

lower cost per assay, and a lower blank value than with the previous assay.

d) A number of subclones were obtained from one neuroblastoma clone

(cholinergic) and also from an established line of functional myoblasts. In

the latter case, clones were obtained which were epitheloid in morphology and

failed to fuse into myotubes, as well as subclones which fused more slowly

than the parents. Large quantities of each of these subclones have been

obtained for RNA extraction. We will look at RNA diversity in these clones

relative to each other, and correlate this diversity with other muscle-

specific functions.

e) By growing primary fetal rat brain cells for 2 weeks in conditioned medium

from iododeoxyuridine- treated mouse neuroblastoma (N-18) cells, and then

maintaining the cells with normal medium for about 2 months, we obtained

transformed cells with rat karyotype which have been colony-cloned. When

these cells of 3-4 different morphological types were induced to differentiate

it was found that some of them had membrane properties which identified them

as probably being neurons, although full-blown action potentials were not

elicited. These same lines appeared to be impregnated with silver in silver

staining, while the others did not. We have been unable to find any neuro-

transmitter synthesizing capability in any of these lines.

g) We have recently been successful in obtaining cell cultures of rat pineal

cells in mixed culture with some other cell types. We are presently
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characterizing these cells morphologically and biochemically.

Significance to Biomedical Research and the Program of the Institute : We feel

that our continuing interest in factors which regulate neurobiologic

phenomena will lead to findings which may help to explain deficits in de-

generative and developmental states. The trophic effect on spinal cord of

muscle and muscle conditioned medium has potential as a marker for faulty

neuromuscular system development in diseases such as muscular dystrophy and

myasthenia gravis. In addition, culture systems have promise for a dissection

of the molecular events which surround formation of synaptic contacts and

functioning synapses. Such information will be of value in understanding

nerve regeneration and abnormalities of nervous system development.

Proposed Course : Most of the studies listed above are continuing; specifically,
these include: 1) Continued attempts to isolate and describe the inducing
factor (of muscle CM.) for spinal cord cell CAT activity, as well as the

means by which activity of this enzyme is controlled in induced and non-induced
cells. 2) Perfection of the new GAD assay. 3) Continued work on the char-
acteristics of individual cells in fetal rat brain cell cultures; we would
like to correlate some aspects of function and morphology in order to obtain
a catalog of cell types present. 4) Subclones from established neuroblastoma
and muscle clones, as well as the transformed rat brain cell lines from our
Own work will be used for analysis of RNA diversity in a variety of growth
conditions. 5) In addition, culture systems will be employed for the
following: a) analysis of SC-muscle interactions in cells from mice with
hereditary muscular dystrophy; a colony of these mice is presently being de-
veloped for us by DRS. b) Characterization and analysis of the control of
biochemical and electrophysiologic events in pineal cells in culture.

Keyword Descriptors: Nervous system, cell culture, trophic factor, enzyme
induction, pineal organ.

Honors and Awards: None

Publications:

1. Schrier, B. K. , Wilson, S. H. and Nirenberg, M. W. : Cultured cell systems
and methods for neurobiology. In Colowick, S. P. and Kaplan, N. 0. (Eds.):
Methods in Enzymoloqy . New York, Academic Press, Vol. 32, 1974, pp. 765-
789.

2. Godfrey, E. W. , Nelson, P. G., Schrier, B. K. , Breuer, A. C. and Ransom,
B. R. : Neurons from fetal rat brain in a new cell culture system: a

multidisciplinary analysis. Brain Res . 90: 1-21, 1975.

3. Schrier, B. K. , and Wilson, S. H. : On the measurement of tritium in DNA
and its applications to assay of DNA polymerase activity. In Prescott,
D. M. (Ed.): Methods in Cell Biology , Vol. 10. In press.

4. Schrier, B. K. and Shapiro, D. L. : Effects of fluorodeoxyuridine on
growth and choline acetyl transferase activity in fetal rat brain cells in
surface culture. J. Neurobiol . 5: 151-159, 1974.
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Project Title:

Project No. Z01 HD 00048-01 BB
1. Behavioral Biology Branch
2. Section on Neurobiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Studies of transcription level control of neurobiologic and

behavioral phenomena.

Previous Serial Number: New project

Principal Investigators:

Other Investigators:

Cooperating Units:

Lawrence D. Grouse, M.D., Ph.D.

Bruce K. Schrier, M.D., Ph.D.

Phillip G. Nelson, M.D., Ph.D.

Dr. Edward L. Bennett, Laboratory of Chemical
Biodynamics, University of California, Berkeley,
California.

Dr. Mark R. Rosenzweig, Department of Psychology,
University of California, Berkeley, California.

Man Years:

Total

:

2.S
Professional : 2.5
Others: 0.0

Project Description:

Objectives : In this new project for this Branch, we plan to evaluate:
1) Diversity of unique sequences of RNA from brain and parts of brain in
several species; 2) the effects of environmental enrichment and impoverish-
ment on RNA diversity in brain and parts of brain, and 3) the similarities
of RNA sequences present in primate brains.

Methods Employed : The above objectives will be reached using the techniques
of DNA-DNA and DNA-RNA hybridization in solution; these methods have been
previously published by many workers, including Dr. Grouse, and we are re-
fining them for use in this system. Initial studies will all involve
hybridization of unlabelled DNA or RNA in excess to high specific activity
tritiated DNA. The labelled DNA has been prepared by culture of cell lines
from the desired species in [^H] thymidine.

Major Findings : We have obtained labelled DNA preparations from human, cat,
rat, mouse, rhesus monkey, chick and toad ( Xenopus laevis ) cells. Unique
sequences have been obtained from each of these with specific activities from
50-2000,000 cpm/ug DNA.' Optimal conditions for obtaining such high specific
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activity DNA have been worked out. In addition, studies have been done to
optimize recovery of hybridizable RNA sequences from crude homogenates. We
have also found ways to double the incorporation of [^H] uridine into RNA in

cultured cells. We have also determined the optimal conditions for analysis
of the hybridization reaction with S] nuclease. At present we are analyzing
RNA diversity in brains of rats raised in environments of different experi-
mental complexity. These studies will utilize brains of animals so reared
by Bennett, et. al_. , as well as animals raised in our own laboratory.

Significance to Biomedical Research and the Program of the Institute: It is

our feeling that the ultimate control level of many experimental, behavioral,
and species-specific neurobiologic phenomena will prove to be at the level

of transcription of the genome. Since Bennett, et. al_. , have shown differ-
ences in some parameters of brain development in rats raised in enriched as

compared to impoverished environments, this seemed a good model for study and
one that may give information as to the contribution of environment to human
brain development. In addition, we hope to obtain some information on the
differences in sequence expression between monkeys, great apes, and man, with
a view to determining what nervous system components are represented in man
but not in apes. This may give us a better understanding of higher brain
functions.

Proposed Course : The plan of action is implicit in the above discussion.
Small differences in sequence diversity may be amplified for further study by

modifications of the hybridization techniques. If specific RNA sequences are
uncovered, they may be further evaluated by use of complementary DNA and
other techniques already in the literature. At present we have unique
sequences of all of the above labelled DNA's, have collected many specimens
for RNA extraction, and have performed the first hybridization experiments.

Keyword Descriptors: DNA-RNA hybridization, unique sequence DNA, environ-
mental complexity model

.

Honors and Awards: None

Publications: None
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Project No. ZOl HD 00049-01 BB

1. Behavioral Biology Branch

2. Section on Neurobiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Axoplasmic transport in vivo and in cultured neurons.

Previous Serial Number: New project.

Principal Investigators: Clifford N. Christian, Ph.D.

Joseph H. Neale, Ph.D.

Elaine A. Neale, Ph.D.

Jeffery L. Barker, M.D.

Maryanna Henkart, Ph.D.

Phillip G. Nelson, M.D.

None

Ph.D.

2.1

1.6
0.5

Other Investigators:

Cooperating Units:

Man Years:

Total

:

Professional
Others:

Project Description:

Objectives: To demonstrate some of the cellular mechanisms responsible for
transport of material along neuronal processes and to ascertain the nature
and function of the materials so transported.

Methods Employed : 1) We have studied axoplasmic transport by observing the
movement of intracellular organelles within the neurites of cultured nerve
cells. The method, employing high resolution Nomarski microscopy, increases
the spatial and temporal resolution 2-3 orders of magnitude above that
obtained with biochemical assays of transport. This offers certain advantages
in the determination of the force generating process involved in axoplasmic
transport. We have employed the divalent cation selective ionophore A23187
to modify the internal milieu of transporting neurons.

2) Incubation of neuronal somata in frog dorsal root ganglia (DRG) or spinal
cord (SC) with radioactive amino acids results in incorporation of these pre-
cursors into protein and the migration of their labelled proteins can then be
followed out the axons of the neurons. Gel electrophoresis techniques are
used to analyze the nature of these transported proteins.
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Major Findings: Microtubules were always found in neurites observed to be

transporting organelles, but transport can occur in the absence of micro-

filaments or neurofilaments. We have discovered that this transport is de-

pendent on the presence of Mg"*"*" ions, and is blocked by a 100 ym internal con-

centration of Ca"*""*". Also, various surface active antibiotics, including

polymyxin, tyrocidine and gramicidine quickly turn off organelle transport at

micromolar concentrations, perhaps by allowing Ca"'""'' to enter into the cell.

The nature of some of the particles that can be visualized by Nomarski optics
have been demonstrated by electron microscopy and include mitochondria and

multivesicular bodies and large granules.

The synthesis and rapid axonal transport of protein by dorsal root ganglion,

spinal cord and sympathetic ganglion cells was studied by separation of
labelled protein on disc gel electrophoresis. In a major attempt to dis-

criminate between protein transported within axons of different function we
found marked similarity in the transport of 8 heavily labelled groups of

protein in both central and peripheral branches of the ORG and the motor axon

of the spinal cord. Additionally, several of these groups could be detected
in the protein transported within sympathetic axons. This study will serve
as a basic for attempts to discriminate the relationship of specific rapidly
transported protein to growth, regenerating and the specific release of
protein at nerve endings.

Radiolabelled tetanus toxin was detected in the optic tectum following intra-
ocular injection in the eye of goldfish. The function of axonal transport
has been well established in this system and the toxin movement does not
appear to conform to the pattern of movement of rapid or slowly transported
protein. It appears clear, however, that the toxin is moving by a direction-
ally specific (non-diffusion) mechanism similar to intraaxonal transport.
This system provides a potential model for the study of uptake and transport
of exogenous protein by nerve cells.

Significance to Biomedical Research and the Program of the Institute : The
determination of the ultrastructural and ionic requirements of organelle
motion will hopefully lead to a general molecular explanation of axoplasmic
transport. Such a theory will have important consequences for the under-
standing of neurological diseases involving a defect in axoplasmic transport.
Our methods provide convenient assays for the transport competency of human
sera and nerve biopsies. Also, our work implicates the blockage of axo-
plasmic transport in some of the neurological side-effects of antibiotics.

Axoplasmically transported materials are probably involved in maintenance of
neuronal structure and may be involved in long-term trophic interactions
between neurons to the cells they innervate. These cellular processes are
thus of importance to the development and maintenance of nervous system
function.

Proposed Course : Further definition of the metabolic and ionic requirements
of organelle translocation will be sought and the relationship between such
translocation and neurite outgrowth studied. Further biochemical studies
of axoplasmic transport in the frog dorsal root ganglion and spinal cord
system with emphasis on regeneration and transneuronal migration are planned.
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Keyword Descriptors: Nervous system, axoplasmic transport, cell culture,

tetanus toxin, transneuronal , regeneration.

Honors and Awards: None

Publications:
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goldfish visual system. J. Neurochem . 23: 1045-1055, 1Q74.
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Localized catecholamine storage associated with vesicles in murine neuro-

blastoma cells. Brain Res . In press.
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radioautographic tracing of axonal projection in the teleost visual

system. Brain Res . 91: 25-42, 1975.
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Project No. ZOl HD 00050-03 BB
1. Behavioral Biology Branch
2. Section on Neurobiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: A correlated study of fine structure and the function of the
endoplasmic reticulum (ER) of neurons.

Previous Serial Number: HD-BB9

Principal Investigator: Maryanna Henkart, Ph.D.

Other Investigators: None

Cooperating Units: None

Man Years:

Total

:

1.0
Professional

:

0.5
Others: 0.5

Project Description:

Objectives: To further develop and apply methods for demonstration with the
electron microscope of sites of Ca binding or accumulation in order to explore
the possibility that certain physiological and/or metabolic functions in

neurons are regulated in coordination with membrane activity via Ca entry
or release of Ca from internal stores.

Methods Employed : In addition to the methods employed in previous years
Aplysia neurons have been studied with the electron microscope after injection
with Ca-EGTA buffers. This should hold the cytoplasmic Ca-concentration at
a known value for the duration of fixation. The freeze-fracture technique
is being used to analyse the morphologic change in pigment granules of Aplysia
neurons in response to light.

Major Findings : Neurons injected with Ca-buffers show altered morphology
dependent upon the Ca-concentration of the injected solution. The proportion
of the surface membrane involved in junctions with sub-surface cisterns of
the endoplasmic reticulum appears to be maximal at Ca-concentrations close to

the normal cytoplasmic Ca-concentration (5 x 10~°M) and to decrease at higher
cytoplasmic Ca-concentrations. The apparent volume of the ER also seems to

depend upon the Ca-concentration of the injected solution. These results are
similar to those obtained by varying the extracellular Ca-concentration and
treating the neurons with physiological stimuli that increase the cytoplasmic
Ca-concentration as described in earlier experiments (last year's annual

report).
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Freeze-fracture studies of pigment granules of Aplysia neurons in light and

dark are consistent with the interpretation of thin sections reported

previously. In the dark (probably high-Ca state) the pigment granules con-

tain a particulate material which, upon illumination (lower Ca state) is

organized into lamellar forms which fracture as do bilayer membranes.

In the study of the effects of varying extracellular Ca solutions on neuron

morphology another phenomenon has been observed. Coated vesicles form as

invaginations of nerve cell or axon surface membrane as has often been

described, but in a certain proportion of such coated vesicles a small amount

of the apposed glial cell is included. The frequency of inclusion of glial

cytoplasm in coated vesicles is greatly increased by increases of the external

Ca-concentration or by substitution for Ca of other miltivalent cations (Co"'"'',

La"*""^"^) known to be Ca-blockers. Images suggesting that this process occurs

between neural elements at synapses have been found in cultures of embryonic

mouse spinal cord and in frog sympathetic ganglion. This provides an apparent
morphologic basis for transcellular transfer of macromolecules between neurons,

but whether this process represents a transfer of information is not clear at

present.

Study of the role of divalent ions in the motion of organelles has been
pursued and is reported in another project report.

Significance to Biomedical Research and the Program of the Institute : The
major point of this study is its suggestion that in nerve cells surface mem-
brane activity may be coupled to intracellular activities via Ca released
from the endoplasmic reticulum. Our previous and current studies as well as

studies now coming from a number of laboratories suggest that this repre-
sents a critical control mechanism for many cellular functions important in

the normal development and maintenance of neurons. The transcellular transfer
of macromolecules may be an important contributor to the development of
specific neuronal circuits in the nervous system.

Proposed Course : Further experiments on Aplysia neurons with Ca-EGTA buffers
are required. X-ray analysis for positive identification of the ionic com-
position of dense deposits produced by the techniques used in this study will
be attempted. The effects of the Ca-ionophore A-23187 in the presence of
various external divalent ion concentrations on cultured dorsal root ganglion
cells is in progress. The effects of this treatment can then be compared
with the morphologic effects of other methods of alteration of the internal
Ca-concentration. In collaboration with other members of the Branch, we
intend to study the effect of nerve stimulation upon the transfer of cytoplasm
between nerve cells in the frog sympathetic ganglion.

Keyword Descriptors: Neurons, endoplasmic reticulum, calcium, electron
microscopy, freeze-fracture, pigment granules.

Honors and Awards: None

Publications:

Henkart,M.: Light-induced changes in the structure of pigmented granules in j

Aplysia neurons. Science 188: 115-157, 1975.
]
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Project No. ZOl HD 00051-02 BB

1. Behavioral Biology Branch
2. Section on Neurobiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title

Previous Serial Number: HD-BBIO

Changes in membrane properties and fine structure associated
with cell morphology.

Principal Investigators:

Other Investigators:

Cooperating Units:

Man Years:

Maryanna Henkart, Ph.D.

Phillip G. Nelson, M.D. , Ph.D.

None

Pierre A. Henkart, Ph.D., Immunology Branch,
National Cancer Institute.

Total: 1.0
Professional: 0.5
Others: 0.5

Project Description:

Objectives : The objective of this project is to elucidate the mechanisms
underlying cellular remodeling in two cell types in response to two different
agents. 1) The production of elongate processes by L-cells in response to
cyclic AMP as described in the previous annual report on this project and
2) the changes in fine structure associated with shape changes by Fc receptor-
bearing lymphocytes in response to binding of antigen-antibody complexes on
a plastic surface.

Methods Employed : Time lapse photographs and standard techniques of electron
microscopy are combined with treatment with various drugs affecting the
shape changes. Lymphocytes from normal human peripheral blood are isolated
and allowed to bind to plastic coated with antigen-antibody complexes as

described by E. Alexander and P. Henkart ( Fed. Proc , 1975).

Major Findings : Different areas of surfaces of cAMP- treated L-cells have
different cation-binding properties. Areas underlain by webs of micro-
filamentous material and areas that are sites of addition of new mambrane
in the form of small vesicles bind divalent ions more strongly than other
areas of the cell. The drug A-23187 which acts as a calcium ionophore does
not interfere with process formation in cAMP-treated L-cells nor does it
increase the membrane conductance of L-cells as Ca-injection does. It does,
however, produce marked swelling of smooth membrane bounded structures
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probably some endoplasmic reticulum and some Golgi-related stt^uctures. The
ultrastructural changes combined with the lack of effect on the cell membrane
conductance suggest that the cells are sequestering the calcium entering as a

result of ionophore treatment. The compartments that swell may be sites of

calcium sequestration.

Fc-receptor bearing lymphocytes from normal human subjects adhere to plastic
coated with antigen-antibody complexes and within a few minutes change their
shapes from spherical to flattened "fried egg" or elongate forms with more
or less extended uropods as described by E. Alexander and P. Henkart. The
electron microscope shows that flattened and elongate cells have sheets or
bundles of microfilaments (50-60 Angstroms diameter) parallel to and near
their contact with the plate. Elongate cells also contain microtubules about
250 Angstroms in diameter generally extending from the centriolar region into

the uropods. Serial sections show that all cells in this population possess
one or more organelles characterized by bundles of tubules arranged in a

hexagonal array with adjoining tubules sharing common walls and having a

center to center spacing of about 380 Angstroms (macrotubules) . In addition
to macrotubule arrays some of these organelles contain clumps of densely
staining amorphous material. In spherical and "fried egg" cells the tubule
bundles are enclosed in a membrane. In elongate and uropod-bearing cells
more of the tubule bundles tend to be elongate and many appear to be only
partially surrounded by membranes or are entirely free in the cytoplasm.
Macrotubule bundles cluster in the vicinity of the centrioles or are
scattered along uropods. The latter are often of the elongate type partially
without membranes producing images that suggest macrotubule material spilling
into the cytoplasm. Vinblastine which affects microtubule assembly prevents
the cells from changing shape and neither microtubules nor macrotubule bundles
are seen. Areas of the cell cytoplasm are occupied by vinblastine-induced
paracrystals as described by others in other cells. Colchicine has relatively
little effect on the ability of the cells to change shape, and macrotubule
bundles were affected very little, but in the presence of colchicine elongate
cells still contained microtubules. Cells that attach to antigen-antibody
coated plastic in the presence of azide flatten but do not elongate. Azide-
treated cells contain macrotubule bundles nearly all of which are spherical
and membrane enclosed. The morphology and vinblastine sensitivity of the
macrotubule arrays suggest that they may contain tubulin. The apparent in-
verse relationship between the number of membrane-bound macrotubule arrays
and the number of long microtubules in combination with images of macrotubule
material spilling into the cytoplasm suggest further that these structures
may represent rapidly mobilizable sources of tubulin for microtubule assembly
associated with changes in cell shape.

The results with lymphocyte shape changes differ from the mechanism of shape
changes in L-cells, where extensions appear to be formed largely by re-molding
of the cytoplasm around pre-existing microtubule arrays.

Significance to Biomedical Research and the Program of the Institute : The
interaction of cellular mechanisms underlying differentiation is one of the
most fundamental questions in developmental biology. Until now a thorough
analysis of the roles of the various cellular organelles in the restructuring
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of a non-differentiated cell into a cell with a new form and function has
been lacking. At the same time much attention has been focused on the role
of the cell membrane in coupling changes in the external environment with
alterations in cellular machinery that are finally expressed as changes in

morphology. Our experiments have considerable promise in attacking these
questions. The mechanism of shape changes in human F^-receptor-bearing
lymphocytes may be related to the ability of these cells to kill target cells
coated with antigen-antibody complexes. This form of cell-mediated killing
is thought to be involved in rejection of foreign tissue such as organ trans-
plants or may be involved in some forms of autoimmune diseases. An under-
standing of the cellular mechanisms involved in lymphocyte responses to
binding is of potential use in devising methods of controlling graft rejection
or autoirnnune responses.

Proposed Course : We intend to study further how the macrotubule-containing
structures are involved in lymphocyte shape changes and to determine whether
they are an invariant feature of cells that have the ability to kill antibody
coated target cells. We intend to compare the processes involved in cell

shape changes in L-cells and in lymphocytes with those involved in differ-
entiating neurons in cell culture.

Keyword Descriptors: Fibroblasts, microtubules, lymphocytes, uropods, cell

shape, Ca-ionophore, cyclic AMP, electron microscopy,
membrane properties.

Honors and Awards: None

Publications: None
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Previous Serial Number: HD-BB8
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Professional: 4.2
Others: 0.5

Project Description:

Objectives : To study the regulatory mechanisms underlying specific biochemical
and electrophysiological properties of identifiable neurons, and neuronal
systems, and their functional significance with regard to nervous activity and
behavior.

Methods Employed : Several methods for the analysis of peptide and protein
metabolism, and electrophysiological properties of single neurons as well as
discrete areas of neural tissue are being utilized. These are similar to
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those described in previous project reports and will not be repeated here.

Major Findings : The analysis of specific protein metabolism in identified
molluscan neurons has demonstrated that: (1) phenotypically distinct neurons
synthesize biochemically distinct proteins, (2) in specific neurosecretory
cells (e.g., R15, R3-14, L2-6, Bag cells in Aplysia , and cell 11 in Otala ) a

specific precursor (prohormone) is first synthesized and is then converted to

smaller specific polypeptide products (hormones and carrier proteins) (3) the
precursor and/or product molecules (in granules) are transported into the axon
and ultimately to the terminal for release (4) this transport process can be

blocked by colchicine and possibly by reduction of [Ca''"''"], (5) the products
(i.e., the specific polypeptides) are released by depolarization (dependent
on external [Ca'*'"^]), as demonstrated in experiments on the Bag cells of Aplysia .

These experiments have led to a model in which neurosecretory proteins are
synthesized on ribosomes as precursors, packaged into granules by the Golgi
bodies, and then transported into the axon where processing of the precursor
into products occurs within the granules. The specific protein turnover rate
is correlated with the rate of spike activity of the neuron, and in addition,
the ability for the synthesis of specific proteins to be modulated by short-
term synaptic input, appears to be directly correlated with their turnover
rates. Finally, the heterogeneity of proteins found released by the Bag cells
may be related to the multiple behavioral effects ascribed to the neurohormones
of these cells.

A peptide factor of neural origin has been isolated which induces bursting
pacemaker activity in dormant cell lis. The mode of action is similar to that
of neurohypophysial peptides. In collaboration with Dr. T. Smith, studies have
shown that long-term modulations of electrical activity can be produced by
biophysical actions of low concentrations of specific peptides.

Experimental work on the squid giant axon and crayfish motor axon has demon-
strated that the Schwann cells (glia) synthesize large proteins which are
transported into the axon. The possibility that these transferred proteins
are "informational" macromolecules is under investigation.

Experiments on the axonal transport of proteins have been conducted on the
toadfish sonic motor system, the isolated frog spinal cord, sensory and
sympathetic ganglia. The results show that these diverse systems transport
similar proteins in the fast component. This similarity suggests that this
component of axonal flow is responsible for the maintenance of proteins with
rapid turnovers and similar functions (possibly membrane components).

Isolated invertebrate preparations with appropriate synaptic physiology and
pharmacology have been utilized to study the effects of general anesthetics.
Pentobarbital (1) selectively depresses excitatory transmission without
affecting inhibitory transmission, (2) selectively blocks post-synaptically
excitatory action of glutamate, but not inhibitory action of GABA, (3) only
excitations due primarily to Na"*" conductances are blocked, (4) excitations
due to CI" conductances increase as K"*" decrease, or peptide induced con-
ductances are not blocked, (5) no inhibitory events were blocked, (6) Pharmaco-
logical analysis suggests non-competitive inhibition, and (7) the potency of
inhibition was directly correlated with hydrophobicity (r = 0.95).
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Significance to Biomedical Research and the Program of the Institute : The
experimental program outlined above is aimed at the questions of intra-

cellular regulatory mechanisms which govern neural activity and ultimately
behavior. The approach is to investigate such fundamental processes as pro-

tein synthesis, intracellular packaging, processing and axonal transport in

both invertebrate and vertebrate systems. Since these processes precede and
greatly influence the release of transmitters, hormones, and trophic factors,
which in turn are directly involved in neuronal interactions, it is expected
that a firm understanding of these fundamental processes will allow us to

better resolve the potential loci associated with pathological neural con-

ditions. Our efforts have been largely directed towards polypeptides and

oligopeptides, since recent findings suggest that these molecules may provide
new forms of intra- and intercellular communication in the nervous system.

Proposed Course : In view of our objectives, our directions are manifold:

1 ) To develop new methods for the analysis of oligopeptides; 2) to introduce
to our laboratory the techniques of radio-immunoassay and various bio-assays
necessary for peptide analysis; 3) to further exploit the biological pre-
parations currently in use (see Major Findings Section); and 4) to begin
experiments on new biological systems (e.g., the X-organ - Sinus gland complex
in the crustacean eye represents a superb model system for the analysis of
peptides and their functions, and the regulation of MSH in the amphibian,
Xenopus laevis during metamorphosis).

Keyword Descriptors: Proteins, peptides, neurosecretion, axonal transport,
intercellular transport, anesthetics, regulation,
development, pacemaker activity, glia, membranes.

Honors and Awards: None
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2. Section on Brain and Behavior
3. Bethesda, Maryland

PHS-NIH
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Project Description:

Objectives : This project is concerned with the processing of complex sounds
by the primate cerebral cortex and related brain structures. Special atten-
tion is being paid to sounds used by primates in intra-specific communication,
to determine which cues are used by the brain and the animal to distinguish
between the various elements of the communication repertoire.

Methods Employed and Major Findings : Studies initiated during the previous
year on the functional significance of a pathway from dorsolateral frontal
cortex to secondary auditory areas have been partially completed. Several
anatomical studies have demonstrated the existence of such a pathway, and some
behavioral and evoked potential studies have suggested it may play a role in

processing auditory input. We have developed two experimental approaches to
this question.

The first approach was to stimulate electrically the relevant frontal areas
while recording from single neurons in the superior temporal gyrus. Frontal
effects on either the spontaneous firing rate or the response to acoustic
stimuli would constitute presumptive evidence for a functional significance
of the fronto-temporal pathway.

A total of 112 neurons from 4 squirrel monkeys has been examined for response
to frontal and acoustic stimuli. These neurons are those on which complete
data were obtained, and represent the results from approximately 60 recording
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sessions and 250 microelectrode penetrations. The locations within the

secondary auditory cortex cover the major portion of the superior temporal

gyrus. About 10% of neurons from our sample were found to be influenced by

frontal stimulation. The effect seen was in all cases inhibitory, which
contrasts with our recent findings relative to brainstem influences on acoustic
neurons. Effects consisted both of reductions in background firing rate and

diminished response to acoustic stimuli. The prompt development of inhibition
following electrical stimulation of the frontal lobe and the absence of any

effect on the EEG rhythms recorded simultaneously with unit recording con-

stitute presumptive evidence for a functional role of the fronto-temporal
pathway in processing acoustic input.

The second approach to the basic hypothesis outlined above involves efforts to

establish by prior behavioral training of monkeys a critical neurophysiological
experiment on the fronto-temporal pathway. Animals have been trained to make
acoustic discriminations of varying difficulty, and then a contingency or
"warning signal" feature is added to the behavioral requirements. Substantial
published data from experimental animal models and clinical research argue
that tasks involving contingency preparedness require intact frontal lobe
function. It is our intention in continuing this project in FY 76 to record
units in the superior temporal gyrus while these trained monkeys are per-
forming their learned tasks, and to disable the frontal areas briefly by
cooling. It is hoped from these experiments not only to confirm that there
are inhibitory influences on acoustic processing centers but to learn some-
thing of the behavioral significance; namely, whether they are critically
involved in the preparation to respond to acoustic input.

Significance to Biomedical Research and the Program of the Institute : The
new finding of a purely inhibitory role for a known fronto-temporal pathway
is a significant addition to basic knowledge of central acoustic processing.
Elucidation of the behavioral significance in monkeys will have useful impli-
cations for the study of normal and abnormal hearing at the human level.

Proposed Course : The major emphasis in FY 76 will be on the mechanisms through
which brain activities related to species-specific vocal communication may
be modified by experience. Such studies, carried out in parallel with purely
behavioral research, will help to define the limits of modifiability in basic
sensory mechanisms of the brain.

Keyword Descriptors: Auditory processing, electrophysiology, infrahuman
primates, cerebral cortex.

Honors and Awards: None
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1. Newman, J. D. and Symmes, D. : Arousal effects on unit responsiveness to
vocalizations in squirrel monkey auditory cortex. Brain Res . 78: 125-
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2. Alexander, G. E. , Newman, J. D. and Symmes, D. : Effects of prefrontal
stimulation on auditory-responsive units in temporal association cortex
of squirrel monkeys. Fed. Proc . 34: 439, 1975.
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Project Description:

Objectives : This project is concerned with obtaining a detailed description
of vocal behavior of squirrel monkeys, including the frequency of occurrence
of defined microstructural features in a variety of behavioral contexts.
Delineation of the relative contribution of genetic and environmental factors
in the development of normal vocal behavior in infant monkeys has been begun.

Methods Employed and Major Findings : Vocalizations in a variety of social and
acoustic contexts are tape recorded and subsequently analyzed either by a

Voiceprint Sound Spectrograph (operated by Mrs. Riggs) or by dig^'tal computer
programs developed in the laboratory.

During FY 1975 extensive recordings were made from 3 infants bred in our
laboratory. The vocal histories of the parents were known except for one
father. Analysis of this material is partially complete, and has confirmed
a strong resemblance of vocal dialect in the infant at 4 weeks of age to that
of the mother. No cleaf influence of paternal dialect has been found to date
in this small sample.
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A program of establishing genetic bases for vocal dialects has been under-
taken. Recordings from animals at New England Primate Center have been
obtained, and 12 animals in our colony have been karyotyped by Dr. White.
Known vocal differences between monkeys of specific geographic origins have
been confirmed. A breeding program has been established in which vocal
traits as well as known karyotypes are sought. It is planned to continue
breeding at a level of approximately 5 infants per year in our own colony
and to obtain additional infants elsewhere.

A study of mother-infant recognition by vocal cues is planned for late FY
1975. If it can be established that mothers are able to recognize their
own infants by vocal cues alone a more solid evidential basis would exist
for studying the acquisition of dialects and unique traits in infant squirrel
monkeys.

More detailed studies were undertaken of the twitter call, a vocalization
used in feeding and social contact situations. Prior work suggested details
of structure which were plastic - i.e., changed with dominance status.
New data was obtained from 4 female monkeys, and approximately 700 twitter
calls collected. This data base is substantially greater than any previous
sample, and will permit a more extensive analysis of call variability, dia-
lects and plasticity. This analysis will be completed in FY 1976 by Dr.

Lieblich.

Significance to Biomedical Research and the Program of the Institute :

Squirrel monkeys possess one of the most specialized and discrete systems of
vocal communication below man. Understanding both syntactical and semantic
properties of this system would have wide implications for the fields of
animal behavior and human psycholinguistics.

Proposed Course : During FY 1976 it is planned to continue and conclude de-
tailed analysis of the micro-structure of the twitter call in squirrel
monkeys. It is hoped that a more thorough understanding of the plastic (i.e.

context related) properties of vocal behavior will be obtained. A major
emphasis of this project will be on successful breeding of monkeys for known
genetic and vocal attributes.

Keyword Descriptors: Language, vocal behavior, infra-human primates.

Honors and Awards: None

Publications: None
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NICHD Annual Report

July 1, 1974 through June 30, 1975

Laboratory of Biomedical Sciences

The Laboratory of Biomedical Sciences conducts research in the biochemistry

of development, both normal and pathological.

In the Section on Developmental Enzymology interest centers on the purifica-

tion and characterization of placental enzymes, pregnancy-associated enzymes

in maternal plasma, and fetal enzymes. This basic enzymology will stimulate

progress in two areas of clinical research: (1) the evaluation of placental

function by measuring pregnancy-associated enzyme activities in maternal

plasma and (2) the measurement in plasma of the activities of placental

enzymes, produced ectopically by non-trophoblastic tumors, for the diagnosis
of neoplasia and for monitoring the response to therapy.

Placental enzymes currently under consideration are heat-stable alkaline
phosphatase and enzymes involved in the metabolism of glycogen, amino acids
(lysine), and catecholamines. The progress of the Section in each of these
areas of investigation is summarized in the following four paragraphs.

A new placental cell line has been established. These cells have a low
level of heat-stable alkaline phosphatase, which is inducible by 5-bromo-
deoxyuridine, and they show a remarkably unbalanced production of the a

subunit of HCG.

With respect to glycogen metabolism: the significance of proteolysis on
the conversion of I-form glycogen synthetase to the D-form has been shown;
a novel regulatory mechanism for glycogen synthetase has been defined; and
a new method for the assay of protein kinase has been developed.

In the area of amino acid metabolism, a second enzyme in the degradative
pathway for lysine, saccharopine dehydrogenase, has been characterized
with respect to the reaction mechanism, kinetic constants, and reaction
products.

An improved method for assaying monoamine oxidase is being developed. By
using semicarbazide to trap the unstable aldehyde product as the semicarba-
zone, the need to couple the reaction with aldehyde dehydrogenase is
eliminated.

The Section on Physiological Controls studies basic endocrine and neuro-
endocrine mechanisms and factors controlling their development. A focus
on the synthesis and the mode of action of cyclic AMP reflects the poten-
tial importance of this ubiquitous intracellular regulator to our under-
standing of metabolic regulation, cell growth, and differentiation. Two
metabolic pathways are used for delineating interactions between hormones,
neurotransmitters, and nutrients. Protein phosphorylations controlling
glycogen metabolism provides us with a well -characterized model of
cyclic AMP action; indole metabolism in the pineal gland has proved
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excellent for studying the mode of action and synthesis of neurotrans-
mitters. Recent studies on the mechanism of action of antigonadotrophins
produced by the pineal gland has led to the development of a new model
for studying the release of luteinizing hormone.

Studies on glucose homeostasis and regulation of glycogen cycle enzyme
activities in isolated preparations of near- term monkey and rat liver
have provided support for the hypothesis that the milk sugar galactose
plays a major role in maintaining circulating glucose levels and liver
glycogen stores during the newborn period.

Investigation into molecular mechanisms controlling rabbit muscle glycogen
enzyme activities has shown regulation of phosphorylase phosphatase
activity by polyamines and highly specific, heat-stable proteins. Phos-
phorylation of one of these proteins by the cyclic AMP-dependent protein
kinase was shown to mediate the effect of the kinase on inactivating the
phosphatase.

Studies on regulation of N-acetyl transferase activity in the pineal
gland have shown that: the 6-adrenergic receptor mediating the induction
of the enzyme also mediates the rapid inactivation of the enzyme which
occurs in vivo as a result of exposure to environmental light at night;
changes in sulfur amino acid metabolism may regulate enzyme activity;
and incorporation of a new amino acid analogue, 2-fluoro-L-histidine,
prevents neurotransmitter- induced increases in enzyme activity without
depressing total protein synthesis. Thus, this analogue may inhibit the
activity of newly synthesized enzymes which have histidine at the active
site or in which histidine is important for structural conformation.

An antigonadotrophin, distinct from melatonin and arginine vasotocin,
has been partially purified and found to decrease or prevent the rise in

luteinizing hormone (LH) following castration by an apparently direct
action on the pituitary. In a newly developed iji vi tro neonatal pituitary
culture system, this antigonadotrophin inhibits LH-release induced by
LH-releasing factor.

Investigators in the Section on Intermediary Metabolism develop laboratory
analogs of mental retardation through the use of specific chemical agents
and enzyme inhibitors, investigate the biosynthesis and degradation of
macromolecules in neural tissues, study the mechanism of hydroxylation
reactions of neural interest, and engage in studies on the mechanism of
action of nerve growth factor. The studies of the Section range from the
classical biochemical investigations of enzymes of neurochemical interest,
and pharmacological efforts to inhibit or stimulate these enzymes, to
behavioral experiments on animals in which the activity of such enzymes
has been altered or inhibited. In this way, we hope to provide information
on the basic biochemistry of the brain as well as on the conditions which
alter the normal brain functions, such as various genetically transmitted
mental retardation syndromes.
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During the past year, the study of the regulation of the bacterial

phenylalanine hydroxylase by the products of tyrosine metabolism has been

completed. Also, the molecular weight and the specificity of this

enzyme has been determined. A new activation procedure has been discovered

and used in the further purification of the enzyme.

Messenger RNA from bovine adrenal medulla has been prepared and translated

in a cell-free system, and the enzyme dopamine-hydroxylase has been found

immunologically among the products. Similar studies with the messenger

RNA from bovine pineal gland have shown the translation of nerve growth

factor.

The action of nerve growth factor i£ vivo has been studied, and the

induction of tyrosine hydroxylase in superior cervical ganglia has been

confirmed. The related enzyme, dihydropteridine reductase, has been

shown to be unaffected. Using the antiserum to nerve growth factor,

we have found that the tyrosine hydroxylase is specifically decreased;

but, again, the reductase is unaffacted. Pineal cells in culture have

been shown to elaborate nerve growth factor into the culture medium.

Young rats given 2.-chlorophenylalanine and phenylalanine have been

shown to exhibit some of the symptoms of children and adults with

untreated phenylketonuria. Appropriate pathological changes have

been seen in the optic tract of such treated animals. These changes

were both permanent and progressive. The exact vulnerable period in

which this lesion is caused is being sought.
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Project Description:

Objectives : The main objectives of this project are: (1) to study qualita-

tive and quantitative changes in selected enzyme systems in the developing

placenta and fetal organs in normal gestation; (2) to study qualitative and

quantitative changes in these same enzyme systems in the developing placenta
and fetal organs in reproductive disorders; (3) to isolate, purify, and

characterize enzymes from the normal placenta; and (4) to identify and

characterize pregnancy-associated enzymes in maternal blood plasma.

Methods Employed : The principal methods employed are: (1) protein isolation

techniques, including salt- and solvent-fractionation, gel-filtration, and

ion-exchange chromatography; (2) enzyme assays, which are usually based on

spectrophotometric or radiometric methods; (3) the zymogram technique, with

which electrophoretic variants of enzymes can be detected; (4) paper and

thin-layer chromatography; (5) tissue culture; and (6) immunochemical

procedures.
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Major Findings : (1) In experiments designed to establish new placental

cell lines in vitro , cells were obtained from a presumably normal human

placenta and have been maintained in tissue culture for nearly one year.

These cells secrete the a-subunit of HCG but not HCG-g or HPL. They also

produce heat-stable placental alkaline phosphatase, but at reduced levels.

This enzyme can be induced to nearly normal levels by bromodeoxyuridine,

dibutyryl cyclic AMP, and DNA inhibitors such as mitomycin C, cytosine ara-

binoside, and phleomycin. An investigation of the mechanism of induction

has been initiated. (2) Studies of the effect of proteolysis on the

properties of rabbit muscle glycogen synthetase show that the glucose-6-P

independent form of the enzyme can be converted into a glucose-6-P depend-

ent form by limited proteolysis. Limited proteolysis of the synthetase
also differentially alters its ability to serve as substrate for cyclic
AMP-dependent protein kinase. A novel regulatory mechanism for glycogen
synthetase has been defined; the mechanism involves both cyclic-AMP de-

pendent and cyclic-AMP independent protein kinases. A new and much
simplified assay method for protein kinase has been developed. (3) Sac-
charopine dehydrogenase, the second enzyme in the catabolic pathway for
lysine, has been purified from human placenta. A spectrophotometric assay,
based on the reduction of NAD in the presence of saccharopine, has been
developed and optimized with respect to pH and to substrate concentrations.
It was found that 6-mercaptoethanol was necessary in order to maintain full
enzyme activity at the pH optimum for more than a few minutes. True Km
values for both saccharopine and NAD were determined. Steady-state initial
velocity studies were used to determine that the reaction mechanism is

ordered and that each substrate binds the enzyme only once. Reaction
products were identified by thin-layer chromatographic methods and by a

specific color reaction with o^-aminobenzaldehyde. The specificity of
saccharopine dehydrogenase for saccharopine and NAD as substrates was
tested and found to be yery stringent. Inhibition of saccharopine
dehydrogenase by a series of saccharopine and NAD analogs was tested. It
was found that the enzyme had a high degree of specificity for both
saccharopine and NAD. L-lysine-£-nitroanilide--a strong inhibitor of the
first enzyme in the pathway, L-lysine-a-ketoglutarate reductase--was not
an inhibitor of saccharopine dehydrogenase. (4) Promising results have
been obtained from our efforts to develop a new, simplified method for
monoamine oxidase. In the new method, by trapping the unstable aldehyde
product as the semicarbazone, the need to couple the oxidation with
aldehyde dehydrogenase is eliminated.

Significance to Biomedical Research and the Program of the Institute : The
investigation of placental enzymes in normal pregnancy will provide a suit-
able baseline with which to compare the same enzyme systems in placental
explants, in benign and malignant trophoblast cells in culture, and in
placental tissues from selected reproductive disorders.

The establishment of placental cell lines in vitro is important because
these cells can be used to study in trophoblast hormonal and enzyme regu-
latory processes which could not be otherwise investigated. The study of

438



the regulation of glycogen synthetase in the human placenta is essential
for the understanding of fetal carbohydrate metabolism, which is greatly
influenced by the placenta before the fetal liver has fully developed.

The elucidation of the lysine metabolic pathway is fundamental to the
investigation of several recently discovered metabolic defects that
relate to an inability to metabolize this amino acid. These disorders
(hyperlysinemia, saccharopinuria, a-aminoadipic aciduria, and a-ketoadi-
pic aciduria) have been observed in association with mental retardation
and motor abnormalities.

Proposed Course of Project : (1) Characterization of selected enzymes
from placenta, maternal plasma, amniotic fluid, and trophoblastic cells
in culture will continue. (2) Correlations between abnormal pregnancies
and variations in fetal or maternal enzymes will be sought.

Keyword Descriptors: Placental alkaline phosphatase, human chorionic
gonadotrophin, transformed cells, lysine metabolism,
saccharopine, a-aminoadipic acid, a-ketoadipic
acid, glycogen metabolism, glycogen synthetase,
protein kinases, cyclic AMP-dependent kinase,
phosvitin kinase.

Honors and Awards: None

Publications:

1. Chen, C.H., Klein, D.C. and Robinson, J.C: Catechol -0-methyl-
transferase in rat placenta, human placenta, and choriocarcinoma
grown in culture. J. Reprod. Fertil. 39: 407-410, 1974.

2. Edlow, J.B., Ota, T., Relacion, J.R., Kohler, P.O. and Robinson,
J.C: Enzymes of normal and malignant trophoblast: Phosphoglucose
isomerase, phosphoglucomutase, hexokinase, lactate dehydrogenase,
and alkaline phosphatase. Am. J. Obstet. Gynecol. 121: 674-681,
1975.

3. Fjellstedt, T.A. and Robinson, J.C: Purification and properties
of L-lysine-a-ketoglutarate reductase from human placenta. Arch.

Biochem. Biophys. , in press.

4. Ota, T., Chen, CH. and Robinson, J.C: Cystine aminopeptidase
and leucine aminopeptidase of choriocarcinoma cells grown in

culture. Am. J. Obstet. Gynecol. , in press.
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Project No. Z01 HP 00087-03 LBS

1. Laboratory of Biomedical Sciences
2. Section on Physiological Controls
3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Development of Mammalian Metabolic Regulation

Previous Serial Number: HD-LB-4

Principal Investigator: W. H. Glinsmann

Other Investigators: F. Huang, J. Sparks, and C. Nakai

Cooperating Units: R. Chez, Pregnancy Research Branch, NICHD
K-P. Huang, Section on Developmental Enzymology, LBS,

NICHD
H. Eisen, George Washington Hospital, Washington, D.C.

G. Avery, Childrens Hospital of Washington, D.C.

Man Years:

Total: 52/12
Professional: 40/12
Other: 12/12

Project Description:

Objectives : This project seeks to define in mammalian cells: (1)

mechanisms underlying differential modulation of carbohydrate metabolism
and adaptive protein synthesis by hormones and nutrients and (2) factors
controlling development of these mechanisms. A general model is being
examined based on control of protein phosphorylations which regulate
rate-limiting enzymes. Current interest centers on a comprehensive
description of glycogen cycle enzymes and hepatic control of glucose
homeostasis.

Methods Employed : Isolated cell and organ culture techniques and isolated
organ perfusion are used for studying liver glucose production and rate-
limiting enzymes in glycogen metabolism. Enzymes and regulatory proteins
controlling glycogen turnover are isolated from rabbit muscle and rat
liver; their mode of regulation is described.

Major Findings : (1) Phosphoprotein controlling glycogen turnover.
Many details of how cyclic AMP mediates the effects of glucagon and
epinephrine in glycogenplysis have provided the basic features of a

generally accepted mode of action for this intracellular hormonal

440



messenger involving phosphorylation of regulatory proteins. Cyclic AMP
activates a protein kinase which changes the activities of glycogen
synthetase and phosphorylase kinase by directly phosphorylating these
enzymes. While this mechanism is generally valid, increasing evidence
from our laboratory and from others supports the possibilities that:
(a) enzyme substrates of the cyclic AMP -dependent kinase have multiple
and non-identical phosphorylation sites; (b) some of these sites can be

phosphorylated by distinct cyclic AMP-independent kinases; and (c) hormonal
and substrate effects on net protein phosphorylations and enzyme activity
are also mediated by the corresponding phosphatase reactions.

In initially characterizing the specificity of phosphoprotein phosphatases
which reverse the effects of the cyclic AMP-dependent kinase, we provided
evidence that a single metal -activated phosphatase may be involved. In

further studies, we now find that: (a) multiple phosphoprotein phosphatases
can be isolated from muscle and liver; (b) substrate specificity of these
phosphatases is not stringent for protein kinase phosphorylation sites;

(c) relative substrate specificities of phosphoprotein phosphatases can

be differentially altered by limited tryptic attack or physical and

chemical treatments of the phosphatases which are associated with changes
in subunit structure; and (d) dephosphorylation of glycogen synthetase does

not always correlate with activity changes.

Studies on the molecular basis for these phenomena examined: (1) glycogen

synthetase activity relative to its phosphorylation state (reported in

Project No. ZOl HD 00086-05 LBS) and (2) regulatory subunits of

phosphoprotein phosphatases. Evidence was obtained that phosphorylase

phosphatase activity is also regulated by a cyclic AMP-dependent kinase

reaction. Investigation of the mechanism by which cyclic AMP-dependent

protein kinase inactivates phosphorylase phosphatase demonstrated accom-

panying subunit dissociation of the phosphatase and the production of a

specific heat-stable and trypsin-labile phosphorylated inhibitor with a

molecular weight of 26,000. Dephosphorylation and inactivation of this

inhibitor was caused by a metal -activated phosphatase. In addition, a

recently observed capacity of polyamines to alter substrate reactivities

with phosphatases is of potential significance to the control of nuclear

protein phosphorylations, which vary temporally with polyamine synthesis

and which have been theorized to be important in controlling DNA synthesis

and cell division.

(2) Development of hormonal and substrate regulation of glycogen turnover

in isolated fetal liver. Studies on the effects of hormones on organ

differentiation and development of hormonal and substrate control of

glycogen cycle enzymes will resume when Dr. Eisen rejoins the Section.

In preparation for these studies, a method for isolating glucocorticoid

receptors has been developed based on binding of heat-activated gluco-

corticoid-receptor complexes to DNA-cellulose.

Our studies on isolated perfused rat and newborn monkey livers and on

cultured perinatal rat liver explants provided evidence that liver at

birth can rapidly mobilize glucose from glycogen in response to hypo-
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glycemia, glucagon, or cyclic AMP, but is unable rapidly to take up

glucose and store glycogen in response to hyperglycemia. We speculate

that the milk sugar galactose may play a unique role in maintaining

circulating glucose levels and liver glycogen stores during early life

since we observed that it can be rapidly converted to glucose during

periods of hypoglycemia and that it markedly stimulates glycogen synthesis

during periods of hyperglycemia. Differential regulation of neonatal

and adult liver glycogen metabolism has been described.

Significance to Biomedical Research and the Program of the Institute :

Regulation of cellular metabolism, growth, and differentiation at many
phylogenetic levels is in part mediated by a series of interactions
between glucose and factors which alter cyclic AMP levels. Protein
phosphorylations initiated by cyclic AMP are also regulated by glucose,
insulin, and glucocorticoids. A comprehensive description of these
reactions will allow us to develop a general model for cyclic AMP-glucose
interactions in mammalian cells and will provide a basis for studies on

factors affecting the development of the corresponding regulatory systems.
Galactose is potentially important for treating neonatal hypoglycemias and
for intravenous alimentation in the newborn period.

Proposed Course of Project : Characterization of enzymes participating
in glycogen cycle phosphorylations will continue with particular emphasis
on the regulatory roles of multiple phosphorylation sites, newly described
protein kinases, regulatory subunits of phosphoprotein phosphatases, and
allosteric effectors of protein kinase and phosphatase reactions. Fetal
rat hepatocyte and organ cultures will be used to further define factors
influencing the development of rate-limiting enzymes or hormone receptors
that control glucose homeostasis, glycogen metabolism, gluconeogenesis,
and cyclic AMP turnover. Initial clinical studies on therapeutic effects
of galactose will be in collaboration with Dr. Avery.

Keyword Descriptors: Glycogen cycle enzymes, cyclic AMP-mediated phos-
phorylations, neonatal glucose regulation, galactose.

Honors and Awards: None

Publications:

1. Eisen, H. J. and Glinsmann, W. H.: Partial purification of gluco-
corticoid receptor from rat liver using DNA-cellulose. J. of Steroid
Biochemistry , in press, 1975.

2. Glinsmann, W. H., Eisen, H. J., Lynch, A. and Chez, R. A.: Glucose
regulation by isolated near-term fetal monkey liver. Pediatric
Research , in press, 1975.

3. Huang, F. L. and Glinsmann, W. H.: Inactivation of rabbit muscle
phosphorylase phosphatase by cyclic AMP-dependent kinase. Proc.
Nat. Acad. Sci., U.S.A ., in press, 1975.
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Project No. Z01 HP 00088-05 LBS

1. Laboratory of Biomedical Sciences
2. Section on Physiological Controls
3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Regulation of Neuroendocrine Metabolism

Previous Serial Number: HD-LB-18

Principal Investigator: D. C. Klein

Other Investigators: A. Parfitt

Cooperating Units: R. Y. Moore, Department of Neurosciences
School of Medicine, La Jolla, California

B. Schrier, Behavioral Biology Branch, NICHD

K. L. Kirk, Laboratory of Chemistry, NIAMDD

Man Years:

Total

:

Professional
Others:

24/12
18/12
6/12

Project Description:

Objectives : (1) To describe the molecular mechanism through which
neuronal activity regulates biochemical activity in a neuroendocrine
tissue, the pineal gland, and in the brain; (2) to determine the develop-
mental, central neural, environmental, and pharmacological factors
influencing this mechanism; and (3) to study the nature of circadian rhythms,

Methods Employed : (1) To describe the molecular mechanism through
which neuronal activity regulates biochemical activity in the pineal
gland, rat pineal glands are cultured to provide a well-defined and
easily controlled experimental system. Cultures are treated with
neurotransmitters, hormones, and drugs. The effects of these treat-
ments are studied by measuring (a) the amount of cyclic AMP in the
tissue; (b) the activity of N-acetyl transferase, the enzyme that converts
serotonin to N-acetyl serotonin and by doing so regulates the formation
of melatonin; (c) the amount of serotonin in the gland; and (d) the
activity of adenyl cyclase. The regulation of brain serotonin metabolism
is studied in similar fashion using small sections of specific areas of
brain.
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(2) The effects of environmental factors and the influence of central
neural structures are examined in animals maintained in automatically
regulated lighting conditions. Animals are treated by surgically destroying
central neural structures or by varying environmental lighting.

(3) To study the nature of circadian rhythms, the circadian rhythm in

pineal N-acetyl transferase has been monitored; environmental, central

neural, and developmental factors have been studied.

Major Findings : (1) Stressful situations, including swimming, increase
the activity of pineal N-acetyltransferase. This increase is substantially
greater in animals lacking sympathetic innervation to the pineal gland.
The stress response is apparently due to the release of epinephrine; the
greater increase in animals lacking sympathetic innervation is probably
due to absence of nerve endings which normally will take up and either
destroy or store epinephrine.

(2) Rapid changes in the sensitivity of the pineal cyclic AMP-generating
system have been detected. These rapid changes may contribute to the
circadian changes in pineal N-acetyltransferase.

(3) The rapid decrease in N-acetyltransferase activity (halving time =

3.5 minutes) caused by exposure to light at night has been reproduced in

organ culture by treating pineal glands with adrenergic blocking agents
following treatment with norepinephrine. Further studies indicate that
the same receptor is involved in "turning on" and "turning off" N-
acetyl transferase activity.

(4) A new amino acid analogue, 2-fluoro-L-histidine, was found to be
incorporated into pineal protein; this incorporation blocked the adre-
nergic-cycl ic AMP stimulation of melatonin production by blocking the
stimulation of N-acetyltransferase activity.

ma(5) The enzyme, choline acetyl transferase, which is assumed to be pri...

facia evidence for the presence of cholinergic innervation was found to
be absent in the pineal gland.

Significance to Biomedical Research and the Program of the Institute :

Vn The finding that 2-fluoro-L-histidine is incorporated into protein
and may act as an incorporated inhibitor may be generally significant
because histidine is an important amino acid necessary for the enzymatic
action of many enzymes; histidine is also the terminal amino acid in

glucagon. The incorporation of this amino acid into enzymes and hormones
may beneficially alter the activity of these complex molecules. (2)
The studies on the nature of the circadian rhythms, which characterize
many physiological functions, will lead to a fuller understanding of
daily changes in behavior and physiology and to a fuller understanding
of how these can be altered.

Proposed Course of Project : (1) The central structures involved in the
regulation of pineal N-acetyltransferase activity and hydroxyindole-0-
methyl transferase activity will be further described. A major question
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to be answered is whether the suprachiasmatic nucleus is itself a circadian
rhythm generator regulating all circadian rhythms or only a source of a

signal to which target tissues respond in a circadian manner. (2) The
stress-induction of pineal N-acetyl transferase will be studied with respect
to the developmental changes involved, to the possibility that there is a

shift in the nature of the receptor, and to the relative importance of the
presence of nerve endings and the increase in receptor sensitivity. (3)
The specificity of 2-fluoro-L-histidine as an "incorporated" inhibitor of
enzymes will be determined by examining the effects of this amino acid on
several enzymes. The effectivness of this compound as an inhibitor of
melatonin synthesis will be evaluated.

Keyword Descriptors: Neuroendocrinology, pharmacology, cyclic AMP,
pineal gland.

Honors and Awards: None

Publications:

1. Bensinger, R. E., Klein, D. C, Weller, J. L. and Lovenberg, W. M.:

Radiometric assay of total tryptophan hydroxylation by intact cultured
pineal glands. J. of Neurochem . 23: 111-117, 1974.

2. Chen, C, Klein, D. C. and Robinson, J. C: Catechol -0-methyl-
transferase in human placental and choriocarcinoma grown in culture.
J. Reprod. Fertil. 39: 407-410, 1974.

3. Schrier, B. K. and Klein, D. C: Absence of choline acetyltrans-
ferase in rat and rabbit pineal gland. Brain Research 79: 347-351, 1974.

. 4. Parfitt, A., Weller, J. L., Klein, D. C, Sakai, K. and Marks, B.:

Ouabain or an elevated potassium ion concentration block the adrenergic
or cyclic AMP or an elevated potassium ion concentration block the

adrenergic or cyclic AMP (3':5') stimulation of pineal serotonin N-

acetyl transferase activity. Mol . Pharm ., in press, 1975.

5. Binkley, S. A. and Klein, D. C. : Regulation of chicken pineal

rhythms: Refractory period and non-visual light perception.

Endocrinology , 96: 448-453, 1975.

6. Klein, D. C. and Parfitt, A.: Ouabain blocks the adrenergic-cyclic

AMP stimulation of pineal N-acetyl transferase activity in cyclic AMP in

disease. In Weiss, B. (Ed.): Cyclic Nucleotides in Disease .

Cambridge, Mass., MIT Press, 1975, in press.
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Project No. Z01 HP 00089-01 LBS

1. Laboratory of Biomedical Sciences

2. Section on Physiological Controls
3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Pineal -pituitary Interactions

Previous Serial Number: None

Principal Investigator: D. C. Klein

Other Investigators: J. M. Martin

Cooperating Units: None

Man Years

Total: 24/12
Professional: 18/12
Others: 6/12

Project Description:

Objectives : To chemically and physiologically characterize pineal

peptides which influence reproductive function.

Methods Employed : A pituitary organ culture system using neonatal rat
pituitary glands has been developed which provides a highly sensitive
and precise assay system for measurement of the effects of pineal hormones
on the pituitary gland. Pineal extracts and extracts of cultu>"e medium
from pineal organ cultures are tested in this system. Classical methods
of extraction and purification are used to make test preparations. The
preparations are tested for their ability to suppress the release of LH
from pituitary glands treated with LH-rel easing factor and from untreated
pituitary glands.

Major Findings : (1) An extract of bovine pineal glands blocks the LH-
releasing factor-induced increase in LH release from neonatal pituitary
glands. (2) Secretions of adult rat pineal glands into organ culture
medium can block the LH-releasing factor-induced increase in LH release
from neonatal pituitary glands.

Significance to Biomedical Research and the Program of the Institute :

The pineal gonadotrophi statin may provide a basis for explaining some of
the physiological and pathological antigonadotrophic effects of the
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pineal gland. The identification and synthesis of this compound could
lead to the development of a valuable therapeutic, diagnostic, and
investigative tool

.

Proposed Course of Project : The identity of the pineal compound which
blocks the LH-releasing factor-induced increase in LH release will be
determined, and the regulation of the release of this compound will be
studied. A major question to be Answered is whether the release of this
pineal gonadotrophistatic compound is regulated by norepinephrine via
the effects of norepinephrine on serotonin metabolism. The effects of
the pineal gonadotrophi statin will be characterized as to its mechanism
of action and physiological effects.

Keyword Descriptors: Neuroendocri nol ogy

,

pituitary gland.
pineal gland, reproduction.

Honors and Awards : None

Publications:

1. Vaughan, M. K. , Vaughan, G. M. and Klein, D. C: Arginine vasotocin;
Effects on the development of reproductive organs. Science . 186:
938-934, 1974.
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Project No. Z01 HP 00090-03 LBS
1. Laboratory of Biomedical Sciences
2. Section on Intermediary Metabolism
3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: The Effect of Metabolic Disorders on the Biochemistry,
Structure, and Function of the Developing Brain

Previous Serial Number: HD-LB-9

Principal Investigator: G. Guroff

Other Investigators: M. Weston

Cooperating Units: None

Man Years

Total: 4/12
Professional: 3/12
Others: 1/12

Project Description:

Objectives : The objectives of this research are: (1) to produce biochemical
models of mental retardation syndromes in laboratory animals by chemical

means; (2) to investigate the pathological and behavioral aspects of the
chemical treatments; (3) to study the mechanisms by which specific
chemical alterations produce a change in normal neural functioning; (4)

to attempt new methods for preventing such alterations, hopefully pointing
the way to new clinical approaches.

Methods Employed : The methods employed include standard enzymatic assay
techniques, histological examinations, and behavioral evaluation.

Major Findings : (1) Treatment of newborn rats with g^-chlorophenyl alanine
plus phenylalanine produces a condition in animals which is in some ways
similar to that seen in clinical phenylketonuria. The similarities found
include a comparable amino acid picture in the blood, a similar reduced
seizure threshold, some identifiable neuropathological changes, end a

number of behavioral cognates; (2) major urinary metabolites of phenylalanine
in these animals are not similar to those seen in clinical PKU, but a

phenyl ketonuric-type picture can be produced by administration of much
higher levels of phenylalanine in the presence of the hydroxylase inhibitor
p^-chlorophenylalanine; (3) early treatment with g^-chlorophenylalanine
plus phenylalanine produces histologic changes in the optic nerve of the
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rat which are permanent and progressive.

Significance to Biomedical Research and the Program of the Institute :

In general, it has been impossible to study the etiology of mental
retardation in the laboratory because of the lack of an adequate model.
The model available from the work in this laboratory is the best char-
acterized in both biochemical and behavioral aspects. Phenylketonuria
is an appropriate disease to study in this respect because a great deal

is known about the enzyme which is deleted, phenylalanine hydroxylase,
and about the biochemical and behavioral consequences of such deletion
in human beings. Such a model should provide a tool with which to study
both the causes and the possible amelioration of this disease in children
and adults.

Proposed Course of the Project : An attempt is being made to identify
the exact vulnerable period within which the model animals suffer the

irreversible behavioral defect. If such a period can be identified, it

would provide information about the specificity of the biochemical

insult, i.e., what developmental processes are most sensitive, and it

would allow a possible exacerbation of the lesion by permitting increased

levels of phenylalanine to be administered during this hopefully brief

developmental window. Up to this time the standard treatment has been

somewhat difficult to administer and certainly impossible to increase

because of mortality of the young animals during the to 21-day period.

Keyword Descriptors : Phenylketonuria, hyperphenylalaninemia,
2^-chl orophenyl al ani ne

.

Honors and Awards: None

Publications:

1. Avins, L., Guroff, G. and Kuwabara, T.: Ultrastructural changes

in rat optic nerve associated with hyperphenylalaninemia induced

by parachlorophenyl alanine and phenylalanine. J. Neuropath.

Exp. Neurol. 34: 178-188, 1975.

2. Rowe, V.D., Fales, H. M., Pisano, J. J., Andersen, A. E. and

Guroff, G.: Urinary metabolites of phenylalanine in the preweanling

rat treated with parachlorphenyl alanine and phenylalanine.

Biochem. Med. , in press.

3. Guroff, G.: Some aspects of aromatic amino acid metabolism in

the brain. NINDS 25th Anniversary Volume, in press.
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Project No. Z01 HP 00091-03 LBS

1. Laboratory of Biomedical Sciences
2. Section on Intermediary Metabolism
3. Bethesda

PHS-NIH
Individual . Project Report

July 1, 1974 through June 30, 1975

Project Title: Mechanism of Aromatic Hydroxylation

Previous Serial Numbers: HD-LB-10, HD-LB-11

Principal Investigator: G. Guroff

Other Investigators: C. Letendre
G. Dickens
T. Kato
M. Weston

Cooperating Units: H. Kon, Laboratory of Chemical Physics, NIAMDD;

W. Lovenberg, Hypertension-Endocrine Branch, NHLI

Man Years

Total

:

Professional

:

Other:

Project Description:

41/12
27/12
14/12

Objectives : The objectives of this research are: (1) to provide information
on the process of enzymatic hydroxylation; (2) to get detailed information
on the nature of phenylalanine hydroxylase; (3) to purify and characterize
accessory enzymes involved in hydroxylation; (4) to investigate relation-
ships between pteridine reductase, pteridine biosynthetic enzymes and
the hydroxylase itself; (5) to provide information on the enzymes in
the biosynthetic pathway to the pteridine ring; and (6) to investigate the
functions of pteridines in addition to their actions as hydroxylase
cofactors.

Methods Employed : The methods employed include standard techniques in
enzyme kinetics and purification, antibody detection, organic synthesis
and characterization, isotope quantitation, high voltage electrophoresis,
and fluorescence measurements. Also used are methods of protein char-
acterization including molecular weight determinations and measures of
purity, and physical methods such as ESR for investigating the nature of
enzyme proteins.
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Major Findings : (1) Bacterial phenylalanine hydroxylase has been
purified and characterized. (2) Its molecular weight and mode of
regulation have been investigated. (3) A new activation procedure has

resulted in increased activity. (4) The pteridine specificity of the
enzyme has been studied in detail, and changes in the preferences of
the enzyme for substrate have been shown to depend upon which cofactor
is used.

Significance to Biomedical Research and the Program of the Institute :

Information about phenylalanine hydroxylase and other hydroxylases and
about ways in which to inhibit or stimulate them relates directly to the
general problems of normal neural function and of mental retardation.
Phenylalanine hydroxylase is the missing enzyme in the best character-
ized of the genetic retardations, phenylketonuria. Detailed analysis of
the structure and mechanism of this enzyme should provide some informa-
tion on the nature of hydroxylation and on methods by which to manipulate
the activity of this important system. Further, it should be possible,
upon examining the detailed chemistry of the pteridine reductase associated
with the hydroxylase, to understand the relationship between the proteins
which carry the activities of these enzymes. Finally, since the pteridine
cofactors are important in a number of hydroxylase reactions including
those leading to the neurohormones serotonin and norepinephrine, informa-
tion about the pharmacology and biochemistry of the pteridine biosynthetic
pathway may lead to the ability to inhibit or stimulate these pathways,
and perhaps to new therapeutic tools for treating maladies involving
these neurohormones.

Proposed Course of the Project : (1) Continued study of the purification,
mode of action, and structure of the bacterial enzyme for hydroxylation of
phenylalanine; (2) detailed analysis of the dihydropteridine reductase
coupled with the phenylalanine hydroxylase and study of the physical
interrelation between these two enzymes; (3) further purification of
GTP cyclohydrolase including an attempt to understand the function of a

regulatory protein found which affects GTP cyclohydrolase; (4) purifi-
cation and characterization of other enzymes in pteridine metabolism;
and (5) search for other functions of pteridines.

Keyword Descriptors: Phenylalanine hydroxylase, hydroxylation, pteridine,
enzyme induction.

Honors and Awards : None

Publications:

1. Cone, J. E., Plowman, J. and Guroff, G.: Purification and proper-
ties of guanosine triphosphate cyclohydrolase and a stimulating
protein from Comomonas sp. (ATCC 11299a). J. Biol. Chem. 249:

5551-5558, 1974.

2. Plowman, J., Cone, J. E. and Guroff, G.: Identification of D-
erythro -di hydroneopteri n triphosphate, the first product of pteridine
biosynthesis in Comomonas sp. (ATCC 11299a). J. Biol. Chem. 249:
5559-5564, 1974.
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3. Letendre, C. H., Dickens, G. and Guroff, G.: The tryptophan

hydroxylase of Chromobacterium violaceum . J. Bio1. Chem. 249:

7186-7191, 1974.

4. Williams, C. D., Dickens, G., Letendre, C. H., Guroff, G., Haines,

C. and Shiota, T.: Isolation and characterization of dihydropteridine
reductase from Pseudomonas sp. (ATCC 11299a). J. Biol . Chem. ,

in press.

5. Letendre, C. H., Dickens, G., and Guroff, G.: Phenylalanine
hydroxylase from Pseudomonas sp. (11299a). Purification, molecular
weight, and influence of tyrosine metabolites on activation and

hydroxylation. J. Biol . Chem. , in press.
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Project No. Z01 HP 00092-03 LBS
1. Laboratory of Biomedical Sciences
2. Section on Intermediary Metabolism
3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Biochemistry of Brain Macromolecules

Previous Serial Number: HD-LB-12

Principal Investigator: G. Guroff

Other Investigators: P. MacDonnell
M.-Y. Yu

N. Tolson

Cooperating Units: W. Lovenberg, P. Lerner, Hypertension-Endocrine
Branch, NHLI.

Man Years

Total: 39/12
Professional: 27/12
Other: 12/12

Project Description:

Objectives : The objectives of this research are: (1) to investigate
the synthesis and function of brain macromolecules; (2) to compare,
characterize, and identify the products made in a cell -free system using
different populations of brain mRNAs; and (3) to translate specific
mRNAs for proteins of neurochemical interest and study their regulation
and development.

Methods Employed : The methods include those used to isolate and char-
acterize messenger RNAs; that is, extraction, centrifugation, hybrid-
ization to oligo (dT)-cellulose, gel electrophoresis, cell-free protein
synthesis using radioactive amino acids, and translation system from
wheat germ. In addition, methods involving the production and use of
specific antibodies are necessary.

Major Findings : (1) Messenger RNA for the enzyme dopamine B-hydroxylase
was found in extracts of bovine adrenal medulla. (2) Messenger RNA for
nerve growth factor was found in extracts of male mouse salivary gland
or bovine pineal gland.
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Significance to Biomedical Research and the Program of the Institute :

The translation of specific messengers of neural interest into their

protein products, and the assay of the levels of these messengers under

various conditions, can give us a means of increasing our understanding

of normal neuronal function. The studies of dopamine 6-hydroxylase

message give promise of being able to assay this important messenger

under a variety of physiological conditions, including those which

increase sympathetic activity, such as stress. The nerve growth factor

message can be used, hopefully, to study the development and the function

of this important regulatory substance. Newer studies on the translation
of proteolipid message may help to understand the nature and development
of the process of myelination. An understanding of the synthesis and
function of these RNAs in these systems may provide tools for the
investigation of the biochemical alterations occurring in various neural
disorders.

Proposed Course of the Project : (1) Further characterization of the
translation product of the dopamine g-hydroxylase message, including
antibody studies and digestion of the molecule with trypsin or cyanogen
bromide; (2) co-purification of the product of the nerve growth factor
message with authentic nerve growth factor to determine the form which
is synthesized; and (3) further attempts to prepare proteolipid protein
in cell -free translation systems.

Keyword Descriptors: Messenger RNA, dopamine g-hydroxylase, nerve
growth factor, proteolipid.

Honors and Awards: None

Pub! ications:

1. DeLarco, J., Abramowitz, A., Bromwell, K. and Guroff, G.: Poly-
adenylic acid-containing RNA from rat brain. J. Neurochem. 24:
215-222, 1975.

2. DeLarco, J., Nakagawa, S., Abramowitz, A., Bromwell, K. and
Guroff, G. : Polyadenylic acid-containing RNA from rat brain
synaptosomes. J. Neurochem. , in press.
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Project No. Z01 HP 00093-01 LBS
1. Laboratory of Biomedical Sciences
2. Section on Intermediary Metabolism
3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: The Mechanism of Action of Nerve Growth Factor

Previous Serial Number: None

Principal Investigator: G. Guroff

Other Investigators: V. Rowe
L. Avins
B. Nikodijevic
M. Weston

Cooperating Units: D. C. Klein, Section on Physiological Controls,
LBS, NICHD.

Man Years

Total

:

Professional
Other:

B. Schrier, Behavioral Biology Branch, NICHD,

44/12
39/12
5/12

Project Description:

Objectives : (1) To investigate the nature of the action of nerve growth
factor in the sympathetic nervous system and (2) to understand the general
implications of the action of nerve growth factor in these cells and
determine if any other factors are present which direct development of
other neural cells.

Methods Employed : The methods include standard techniques of cell

culture and in vivo investigations on the sympathetic nervous system.
Enzyme assay and small animal surgery are used as well as biological
methods by which nerve growth factor action is measured.

Major Findings : (1) Preliminary evidence indicates that pineal gland in
cell culture makes nerve growth factor biosynthetically. (2) In vivo
experiments suggest that dihydropteridine reductase, the enzyme coupled
to the hydroxylation of tyrosine in the sympathetic nervous system, is
not induced hy nerve growth factor in a way comparable to the induction
shown for tyrosine hydroxylase. C3) Manipulation of nerve growth factor
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and its antibody suggests that the continued synthesis of tyrosine
hydroxylase is dependent upon a continued supply of nerve growth factor
and that in the absence of nerve growth factor, i.e., in the presence of

the antibody, tyrosine hydroxylase synthesis ceases. (4) A simplified
immunoassay for nerve growth factor has been developed.

Significance to Biomedical Research and the Program of the Institute :

Nerve growth factor is the best characterized and, indeed, the first
known factor which influences the growth and maintenance of sympathetic
neurons. Its mechanism of action, therefore, is of extreme interest and
is as yet unknown. Understanding of the mechanism of action of nerve

growth factor might lead to a better understanding of the mode of regulation
of the growth of neurons and of their differentiation into non-dividing,
non-replaceable cells. Further, understanding of the mechanism by which
nerve growth factor affects cell development may give clues as to the
normal regulation in mammalian cells and, specifically in neurons, as to

the process of genetic expression. Finally, studies on nerve growth
factor may indicate ways in which targeting and directing of neural

connectivity can be understood and, indeed, altered.

Proposed Course of the Project : (1) Continued work on a system, i.e.,

the co-culture of superior cervical ganglia and pineal cells, which
might lead to synapse formation between them and might prove amenable to

a study of the effect of nerve growth factor on such synapse formation;

(2) further studies iji vivo and i£ vitro to elucidate the effects of
nerve growth factor on the development of the enzymes for the synthesis
of norepinephrine, the sympathetic transmitter; (3) characterization of

the nerve growth factor message (see Project No. ZOl HD 00092-03 LBS);
and (4) preparation and characterization of the other subunits of nerve
growth factor in an attempt to discover their functions.

Keyword Descriptors: Nerve growth factor, superior cervical ganglia,
tyrosine hydroxylase.

Honors and Awards : None

Publications: None
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AJMUAL REPORT
of the

Reproduction Research Branch
National Institute of Child Health and Human Development

July 1, 197^4 through June 30, 1975

SUMMARY

The Reproduction Research Branch is a major contrihutor to population science
activities among intramural research programs in the NICHD. The mission of
this Branch is to develop scientific data and theory basic to reproductive
biology with special emphasis on hormonal control of reproduction. Results
are ultimately directed toward not only diagnosis and treatment of human
reproductive disorders, but also toward rationally and ethically acceptable
methods for reversible voluntary fertility control. To accomplish the task,
techniques from such disciplines as physical, organic, and biological
chemistry, mathematics, electron microscopy, tissue culture, reproductive
biology, immunology, endocrinology, and internal medicine are used. At
levels of organization below the whole animal, research includes modeling of
hormone action mathematically, acquiring new data on hormone-receptor inter-
actions, including peptide-protein, protein-protein, and steroid-protein
interactions, determining mechanisms of target cell activation by hormones,
and studying the regulatory phenomena governing hormone secretion. At the
level of the whole animal, studies probe hormonal control of reproductive
processes in man and experimental animals including other primates. Both a
continuing interest and direct participation in the management of clinical
problems in endocrine disorders affecting reproductive processes are essen-
tial since the ultimate test for relevance of results obtained in the
laboratory is applicability to understanding of human disease.

Steroid-protein and protein-protein interactions involved in growth, develop-
ment, and function of tissues which either secrete or respond to sex steroid
hormones are currently the object of intensive investigations in reproductive
biology. Reproduction Research Branch scientists have developed chemical,
physical, and mathematical methods which have been exploited during the past
year for isolating and characterizing both proteins and protein ligand
complexes. A carbon 13 spectrometer, operating at 68MHz and capable of
resolving resonances of the isotope at natural abundance, has been obtained
to facilitate studying properties of hormones and other substances binding to
proteins in solution. A special phosphorous probe is being acquired for use
in monitoring membrane changes associated with activation of phosphorolases
for membrane-bound proteins. Drugs with endocrine side-effects such as

spironolactone and digitoxin have been shown to inhibit binding of androgen
to the cytosol protein required for biologic activity of androgens in rat
prostatic tissue. A protein, induced by FSH and having properties similar to
those of the androgen binding protein in rat testicular tubular fluid, has
been identified in rat ovarian homogenates. Another protein with properties
of an androgen receptor was found in rat granulosa cell cytosol for the
first time. Proteins specifically binding cholesterol and pregnenolone, the
precursors of all steroid hormone synthesis, have been identified in

homogenates of guinea pig adrenal and testis.
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Significant advances have been made in the field of protein hormone-receptor

interactions in gonadal and adrenal cortical cells. Following solubilization

with Triton X-100, specific LH/hCG receptors from rat testes were purified by

affinity chromatography on agarose coupled to hCG with elution at pH 3-2. The

molecular weight of detergent-free soluble receptor was 199,000 but SDS-gel

electrophoresis of the highly purified receptor preparation revealed a single

component with an approximate molecular weight of 90,000, suggesting that the

soluble receptor might be a dimer composed of sub-units with molecular weights

of 90,000. Radioligand-receptor assays have been developed for FSH and LH/hCG.

Hormone-receptor interactions have been studied in suspensions of collagenase

dispersed canine adrenal zona glomerulosa cells. Angiotensin II or structural

analogs of this oligopeptide alter aldosterone secretion by suspensions of

these cells, making it possible to study effects of structural alterations in

the angiotensin molecule on agonist and antagonist effects. Increasing potas-
sium concentrations in the incubation medium have been shown to enhance sensi-
tivity of these cells to angiotensin II. High sodium or low potassium in the
diet decreased whereas low sodium or high potassium intake increased angio-
tensin II receptor sites in homogenates of rat adrenals. These changes in
number of angiotensin II receptors were not associated with alterations in

receptor affinity of these tissues.

In studies of molecular events involved in the mechanisms of hormonal action,
stimulation of testosterone secretion by intact Leydig cells or dispersed
Leydig cells occurs in the absence of any demonstrable increase in either
cyclic AMP or increase in cyclic AMP-dependent protein kinase activity in
these cells. Specific RNA and protein fractions isolated by SDS-gel electro-
phoresis of homogenates of rat testes secreting testosterone in response to
low doses of hCG showed no enhancement of precursor incorporation. These
findings suggest that the messenger RNA and protein synthesis required for
hormone-induced steroidogenesis in rao testes may not be linder direct control
of interstitial cell stimulating hormones.

Studies of the biological, antigenic and chemical properties of gonadotropins
continued to be profitable. The antiserum previously shown to be specific
for chorionic gonadotropin in serum and urine from pregnant rhebus monkeys has
been shown to have similar specificity for baboon and marmoset chorionic
gonadotropins. Enhanced ovar:.an weight responses to gonadotropins in estrogen
primed hypophysectomized immature female rats have been exploited in assays
for follicle stimulating activity in human chorionic gonadotropin. In common
with the thyroid stimulating and interstitial cell stimulating activities of
this gonadotropin, the follicle stimulating activity disappears when the hor-
mone is dissociated into sub-units but reappears when these subunits are
recombined.

A new antiserum, specific for FSH in rhesus monkey serum and urine, was used
to measure FSH levels in aliquots of serum samples, in which LH, estradiol
and progesterone concentrations had been measured elsewhere. For the first
time, spontaneous short luteal phase cycles were identified in four of 31
monkeys sampled daily between consecutive episodes of genital bleeding.
Chemical methods have been developed for separating FSH from LH in extracts of
urine from castrate monkeys. A fraction enriched in FSH has been shown to be
a satisfactory reference preparation for use in radioimmunoassays for FSH and
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rhesus monkey seriim in urine. Antisera made to the unique carboxy-terminal
amino acid sequence of hCG beta sub-unit specifically bind but do not neutral-
ize the biological activity of native hCG. The ratios of biological to immun-
ological activity of LH in serum were found to vary from unity in specimens
from normal women to two or three in specimens from normal men and post-meno-
pausal women.

Understanding hormonal control of gametogenesis continues to be a major re-
search objective. Intra-ovarian estrogen and androgen levels were shown to
act antagonistically in modulating follicular response to gonadotropins in
hypophysectomized rats and monkeys. Preliminary results suggested that fol-
licular maturation in fetal rhesus monkey ovaries is pituitary-dependent since
hypophysectomy of the fetal female around the 120th day of gestation resulted
in hypotrophy and immaturity of follicles in ovaries from such animals examined
at term. Microperoxisomes have been identified in electron micrograph of
functioning rhesus monkey corpora lutea.

Studies of epinephrine secretion by bovine adrenal medullary cell model have
produced interesting insights into regulation of hormonal secretion. Release
of epinephrine and protein in vitro by chromaffin granules isolated from bo-
vine adrenal medullary cells has been shown to be saturable with respect to
ATP and to be absolutely dependent on chloride ions which affect the process
in a positively cooperative manner. Studies with analogs showed that the
alpha-beta oxygen in ATP is important for release. Plasma membranes from
bovine adrenal medullary cells not only contain less cholesterol and more
sialic acid than membranes of chromaffin granules from these same cells but
also unique proteins , two of which co-migrate with actin and tubulin in gel
electrophoresis. Potentially, both proteins and sugars may be involved in
connections occurring between chromaffin granules and plasma membranes dur-
ing hormone secretion by intact adrenal medullary cells in vivo.

Clinical studies were focused on hypothalamic-pituitary-gonadal-genital inter-
actions in health and disease. A mathematical model devised for reproducing
hormonal changes occurring during the menstrual cycle was shown to reproduce
changes observed in serum gonadotropin in specimens collected from normal
women receiving infusions of estradiol, demonstrating the potential of such
models for use in simulating experimental perturbations of the hypothalamic-
pituitary-ovarian axis. Halotestin, a synthetic androgen, decreased the
frequency of spontaneous LH secretory pulses in normal men. Measurements of
17-alpha-hydroxyprogesterone, testosterone, and LH in aliquots of blood spec-
imens collected from these men showed that 30 minutes after each serum LH
spike a transient elevation occurred in concentrations of the steroid hormone.
Cyclic changes in urine FSH and LH secretion patterns, similar to those seen
in sexually mature women, were noted for the first time in urine specimens
collected from pre-pubertal girls. Continuing studies of hypothalamic func-
tion in women with anorexia nervosa have led to a significant advance in the
treatment of this disorder. In a double blind study of 13 patients, half the
patients receiving cyproheptadine, a centrally acting serotonin antagonist,
experienced significant and sustained weight gain whereas none of the patients
given a placebo have improved.

Approximately 100 men and 50 women were referred for diagnosis and treatment
of involuntary infertility during the year. Improved diagnostic evaluation
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has led to rational and more effective therapy vith lover doses of gonado-
tropins than have "been used "before, reducing both cost and morbidity to the
patient. Functional castration and premature menopause were found in half of

22 women surviving extensive chemotherapy for Hodgkin's Disease. In contrast,

pituitary-gonadal function was found to be normal in dO% of women and

children receiving successful chemotherapy for acute leukemia.

Visiting fellows and guest workers from Europe, Asia, and Latin America and
the customary cadre of brilliant, hard-working, young clinical associates
have continued to stimulate us intellectually and to contribute immeasurably
to the depth, breadth, and quality of our research efforts. Collaborations
within the Branch, with scientists in the extramural programs of the Institute,

as well as collaborations with scientists in other Institutes and outside NIH
have increased the scope and the impact of our investigations. The long-
standing Institute policy of providing liberal support for service contracts
continues to lighten the burdens of routine work of both professional and
technical staff.
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Project Description:

Objectives :

1. To explore the state of hormones in blood and tissues and to assess

such physiologic parameters as binding to plasma and receptor proteins

in target cells;

2. To understand mechanism of hormone secretion and action;

3. To study the regulation and biology of germ cell growth and maturation

and to characterize the interactions between the ovarian follicle or

seminiferous tubule with FSH, LH, and the sex steroid hormones;

4. To study hypothalamic-pituitary-gonadal genital interrelations in health
and disease.

Methods Employed ;

A great variety of techniques are employed since the research encompasses such
widely divergent areas as mathematical biology, protein hormone chemistry and
physiology, steroid biochemistry, morphology, and clinical investigation. New
methods that have been either developed or adapted during the year are:

1. Testosterone production by dispersed Leydig cells in vitro for use as

a highly sensitive bioassay for LH in plasma;

2. Rat testicular tubule cell and ovarian granulosa cell receptor assays
for FSH;

3. Isotachophoresis for large scale (gram quantities) protein purifica-
tion;

4. An improved mathematical model describing hormone events during the
human menstrual cycle;

5. A radioimmunoassay for FSH in serum and urine of rhesus monkeys;

6. A method for surgical ablation of the fetal rhesus monkey pituitary
around the 120th day of gestation without interrupting pregnancy;

7. A solid-phase assay for androgen receptors in rats and human prostate
cytosol using protamine sulfate to precipitate androgen-receptor com-
plex;

8. Con-A sepharose for concentrating hCG from large volumes of human
plasma and urine, to enhance sensitivity of assays for hCG;

9. High resolution carbon 13 nuclear magnetic resonance spectroscopy for
monitoring molecular alterations during ligand-protein interactions in
solution.

Major Findings :
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I. Steroid-protein interactions

Advances made over the last 2 years in methods for isolating and charac-
terizing the physico-chemical properties of proteins have been applied to

studies of the proteins that bind steroid hormones in serum and urine ex-

tracts. Extracts of human and rhesus monkey testes have been shown to con-

tain a series of androgen binding proteins representing size and charge iso-

mers which are indistinguishable from plasma TeBG in these species.

An androgen binding protein, distinct from TeBG, has been identified in

epididymal fluid from rats, a species which lacks TeBG. Methods devised for

studying human and monkey testicular extracts have been used to show, for

the first time, that this protein occurs in fluid obtained by micropuncture
of rat seminiferous tubules and an antral fluid from rat ovaries. This pro-

tein can be induced in ovaries of estrogen primed hypophysectomized immature
female rats by giving FSH. Cytosol in homogenates of granulosa cells from
preantral follicles of estrogen primed hypophysectomized immature female rats
contains an androgen binding protein with properties which differ from that

induced by FSH. This androgen binding protein in rat ovarian granulosa cell
cytosol is heat labile, sediments at 7-3 S in sucrose density gradients and
has properties of an androgen receptor which may function to modulate granu-
losa cell proliferation during follicular maturation.

The synthesis of steroid hormones in adrenal cortical and gonadal tissue
is known to require synthesis of proteins whose properties are not yet totally
defined. Furthermore, the enzymes required for synthesis of these hormones
are known to be restricted to certain intracellular compartments but mechan-
isms of transporting substrates such as cholesterol and their precursors into
these compartments remain to be elucidated.

Extracts of Guinea pig adrenal cortex and testis have been shown to con-
tain a heat stable protein that binds cholesterol and cholesterol sulfate but
does not bind either steroids or metabolites of cholesterol. A heat labile
protein specifically binding pregnenolone and pregnenolone sulfate has been
found in extracts of Guinea pig adrenal cortex. Preliminary studies have been
undertaken to characterize these proteins and to study the effects of physiol-
ogical changes on concentration, distribution, and turn-over rates.

A solid phase radio-receptor assay has been devised for studying the

physiology of androgen receptors in experimental animals initially and in man
ultimately. The method depends upon the use of protamine sulfate to precipi-
tate ligand-receptor complexes from rat prostate cytosol. This model system
has been used to show that substances known to affect target organ responses
in androgen sensitive tissues may act as inhibitors of binding to either speci-

fic or non-specific receptor sites or both. These interactions, shown in the

animal model system, may be relevant to the mechanism by which such substances
as spironolactone, digitoxin and estrogens influence androgen metabolism in

man.

II. Mechanisms of Hormone Action and Secretion

The gonadotropin receptors for LH/hCG in both testis and ovary have been
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solubilized with non-ionic detergents and characterized as asymmetric mole-

cules with MW 200,000. The relationship between hormone binding sites and

adenylate cyclase was studied in detergent extracts of particulate testis and

ovarian receptors. Both basal and fluoride-stimulated activities of the

particulate enzyme were markedly increased in the presence of detergents; and

50^ of the enzyme activity was recovered in the 360,000 g supernatant.

Enhancement of cyclase activity was more marked with Lubrol PX and WX than

with Triton X-100, and highest recovery and activation (lO to 100 fold) of

adenylate cyclase was obtained with 0.5^ Lubrol PX. The particulate and

soluble enzymes were found to be more active in the presence of Mn++, and the

detergent-extracted ovarian and testicular cyclase showed a small but signifi-

cant response to stimulation with the trophic hormone.

Fractionation of Lubrol-solubilized testis and ovarian particles on Sepharose

6B showed two peaks of free gonadotropin receptors. The binding peak with

Kav of 0.32 corresponded to the sites extracted from gonads prelabeled with

125l-hCG in vivo and in vitro, and was coincident with the elution profile of

basal and fluoride-stimulated cyclase activity. The second peak with Kav of

0.56 was not accompanied by detectable cyclase activity. This suggests that

the receptor-cyclase complex is eluted as the peak of larger molecular size

while the cyclase-free peak could represent the dissociated binding sites.

This lower molecular species was not observed when the receptor hormone com-

plex was extracted from particles prelabeled with 125l-hCG in vitro or in

vivo, possibly beca.use hormone binding renders the receptor-enzyme complex

more stable, with less propensity of the binding site to dissociate during

detergent extraction. These studies strongly suggest that the soluble recep-

tor is physically coupled to adenylate cyclase.

III. Gonadotropin Receptors : Solubilization and Purification by Affinity
Chromatography

Specific LH/hCG receptors of the rat testis were p\irified after solubilization
with Triton X-100, by affinity chromatography on agarose coupled to hCG. The
gonadotropin receptors were eluted in the free form at pH 3.2 with high yield
and did not aggregate in the absence of detergent. The purified receptors
were extremely stable, and retained full binding activity after lyophilization
during storage at -60°C for several months.

Binding studies performed upon the lyophilized receptors showed retention of

specificity for LH and hCG and no significant cross-reaction with other
peptides and glycoprotein hormones. The purified receptors displayed 50^ of
the maximum theoretical binding activity, corresponding to the estimated
binding capacity of 2,500 pmoles/mg protein.

The highly purified receptor was demonstrable by SDS-gel electrophoresis as a
single component with an approximate molecular weight of 9O5OOO. Thus, the
original detergent-extracted free receptor of MW 19^,000 could consist of a

dimer composed of subunits of MW 90,000.

This procedure will be applied to large-scale purification of LH/hCG receptors,
and it is our projected program for the immediate future to obtain sufficient
quantities of gonadotropin receptor for physico-chemical and immunological
studies and ultimately for structural analysis.
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Maximal stimulation of testosterone synthesis by intact testis or dispersed
Leydig cells occurs in the absence of any measurable rise in cAMP. This
observation seems unexpected when viewed in the context of the
established stimulating effects of either dibutyryl cyclic AlVlP or phospho-
diesterase inhibitors on testicular steroidogenesis.

To exclude a methodologic basis for these apparently contradictory observa-
tions, cyclic AMP-dependent protein kinase activity was studied in both crude
sonicates and partially purified extracts of Leydig cells. Transfer of
phosphorus to histone and protamine by the enzyme was shown to be stimulated
by cAMP over the range of 0.25 - 0.8 mM and was linear for 5-10 minutes but
plateaued later for histone. The Km of the enzyme for ATP was O.k mM. The
activity of partially purified enzyme was stimulated U-5 fold by cAMP and
activity recovered following purification was linearly related to number of
cells extracted.

Protein kinase activation and initial enhancement of cAMP production by hCG
occurred over identical dose ranges of the hormone which were substantially
in excess of those required to stimulate testosterone synthesis. These
observations suggest again that initiation of steroidogenesis by low doses of

hCG in Leydig cells does not require stimulation of either adenylate cyclase
or cAMP dependent protein kinase activities.

Blockers of RNA and protein synthesis inhibit the steroidogenic response of

rat Leydig cells to hCG and the extent of inhibition is proportional to the

effect of these blockers on incorporation of labeled precursors such as

uridine, adenosine, and lysine into cellular RWA and protein. However,
precursor incorporation into specific RWA and protein fractions isolated by
SDS-gel electrophoresis does not appear to be stimulated by hCG during stimu-
lation of either steroidogenesis or adenylate cyclase activity. These
apparently paradoxical observations suggest that the labile messenger RUA and

protein synthesis required for hormone induced steroidogenesis may not be

under direct control of the interstitial cell stimulating hormones.

Improved methods have been developed for labeling FSH with 125l. These include

iodination with lactoperoxidase followed by purification on sepharose-
concanavalin A and subsequent binding to elution from seminiferous tubular

receptor sites at low pH. Up to Uo percent of FSH labeled in this fashion

binds specifically to hormone receptors confined to rat testicular tubiilar

cells. This improved reagent has been used to characterize these receptors

in testicular homogenates, to correlate changes in them with changes in

plasma levels of FSH, LH and testosterone diiring growth and development and

to develop a radioligand-receptor assay for FSH. A similar FSH preparation

has been shown to bind to membranes of granulosa cells isolated from preantral

follicles of ovaries from estrogen primed hypophysectomized immature female

rats.

A variety of hormones and neurotransmitters modulating reproduction processes

such as the hypophysiotropic hormones, pituitary hormones and the catechol-

amines, are stored in membrane bound vesicles and secreted by exocytosis. An

understanding of the regulation of secretion provides the potential for

pharmacologic control.

465



Chromaffin granules, isolated from bovine adrenal medullary tissue, have been

used as a model for studying the basic mechanisms of hormone and neuro-

transmitter secretion. Both release of epinephrine and protein and catechol-

amine uptake by these granules is dependent upon ATP, Mg++ and chloride ions.

The Ki/2 for ATP is 0.22 mM and chloride ions affect release in a positively

cooperative manner with a Hill coefficient of 2.2 and a Ki/2 of 55 mM.

Complete release is accomplished in 10 minutes at 37°C and pH 6.0. Analogues

of ATP in which nitrogen or carbon. has been substituted for oxygen in the

triphosphate chain stimulate release less effectively than ATP but do not

stimulate uptake of catecholamines. An alpha-beta methyllne analogue, AMPCPOP,

suppressed release. An alpha-beta oxygen function would thus seem to be

important for both uptake and release of epinephrine from the chromaffin

granule, consistent with the observation that cyclic AMP is synthesized from
ATP under release conditions. Adrenal medullary cell plasma membranes,
essentially free of chromaffin granules, have been isolated and their composi-

tion compared with that of previously characterized chromaffin
'
granule

membranes. SDS-gels reveal a series of proteins that are .unique to plasma
membranes and have molecular weights of 46,000-55,000 and co-migrate with
actin and tubulin. Compared to the chromaffin granule membranes, adrenal
medullary cell plasma membranes contain less cholesterol but more sialic acid.
Lipid composition of the two types of membranes are qualitatively similar,
consisting preponderantly of phosphotidyl-ethanolamine and phosphotidyl-
choline. Collectively, chemical properties of the membranes are consistent
with the concept that not only tubulin and actin but also sugar linkages might
be involved in connections between plasma membranes and chromaffin granule
membranes in adrenal medullary cells.

IV. Regulation of Germ/Cell Growth and Biology

Aqueous rat testicular extracts containing less than 2 nanograms of testos-
terone and less than 10 picograms of estradiol per ml suppress FSH secretion
in castrate rats. Preliminary fractionation indicates that the substance has
a molecular weight in the range of 5000-20,000, and may represent inhibin, a
regulator of FSH secretion produced by testicular tubular cells.

Beta thio-D-glucose, which produces reversible germ cell depletion when given
orally to male mice, has been shown to be effective in adult male rats as
well. In doses of 100 mg/kg/day orally, germinal aplasia occurs in k-6 weeks.
This provides an additional model for studying effects of germ cell depletion,
on FSH secretion in male rats. This substance or its analogues might be an
orally effective, reversible "male contraceptive".

Granulosa cell proliferation is inhibited and follicular atresia enhanced when
estrogen primed hypophysectomized immature female rats are given small doses
of hCG. Furthermore, both hCG and LH reduce ovarian weight response to FSH
in the same model. These inhibitory effects of hCG are associated with in-
creased concentrations of steroids with chromatographic properties similar to
those of testosterone, androstenedione, and dihydrotestosterone in extracts of
these ovaries. Administration of chemical anti-androgens (cyproterone
acetate and flutamide) or anti-testosterone sera reverse the inhibitory effects
of hCG. These observations are consistent with roles for both androgens and
estrogens in regulating follicular maturation and atresia during oogenesis in
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rat ovaries. Binding of -^^^i-fsh was compared in suspensions of mechanically

dispersed granulosa cells from ovaries of estrogen primed and control
hypophysectomized immature female rats. Results showed that estrogen priming
altered neither the niomber nor the affinity of binding sites for 125i-FSH.
Thus, it can be concluded that estrogen enhances ovarian FSH uptake by
increasing numbers of granulosa cells.

An improved mathematical model of honnonal changes occurring during the human
menstrual cycle, based upon that described by Bogumil and Vande Wiele, has

been developed. The current model reproduces experimentally observed changes
in serum gonadotropin levels following infusion of estradiol. These results
indicate the feasibility of mathematical models for use in either designing
clinical studies or in simulating clinical studies which are not feasible.

V. Clinical Studies of Hypothalamic-Pituitary-Gonadal-Genital .Interrelations
in Health and Disease

Immunoreactive FSH and LH concentrations were measured in extracts of urine
specimens collected overnight from pre-, peri-, and post-pubertal girls. A
mathematical model was developed to test for evidence of cyclic changes in
these concentrations. No cyclicity was detected when "white noise" obtained
from a random niimbers table was tested. Cycles, ranging from 28-ii0 days in

length were detected in the experimental data with and without the addition
of the white noise. The 28-UO day periodicity noted in urinary gonadotropin
secretion by prepubertal girls was indistinguishable from that seen in
similar specimens collected from sexually mature, post-pubertal girls.

Approximately 100 men and 50 women were referred for diagnosis and treatment
of involuntary infertility last year. The extensive diagnostic studies
performed not only provide data on dynamic interactions of the hypothalamic-
pituitary-gonadal-genital axis components but also make rational therapy
possible. Studies of the dose-response relationships in men with oligo-
azoospermia secondary to gonadotropin deficiencies revealed that gonadal
maturation and complete spermatogenesis can be achieved with doses of gonado-
tropins lower than those previously recommended. Similarly, appropriate
patient selection has increased the efficiency of ovulation induction and
conception following administration of gonadotropins to women. Both the
morbidity and the cost of therapy have been reduced as a result of these
studies. Ovarian function has been studied in a total of 22 women following
chemotherapy for Hodgkin's Disease. Functional castration and premature
menopause have been seen in half of these women who received regimens in-
cluding alkylating agents. In contrast, gonadal function is less likely to
be impaired among adults and children receiving chemotherapy for acute
leukemia.

Studies of hypothalamic pituitary-Leydig cell interactions in man have been
continued. It has been shown that changes in plasma 17 alpha OH progesterone
correlate better than plasma testosterone levels with the pulsatile LH
secretory patterns, occurring in the basal state. Presumably this is due to
the more rapid metabolic clearance of 17 alpha OH progesterone because of its
lack of binding to plasma binding proteins. It has been shown that halotestin,
a synthetic androgen, not measured by radioimmunoassays for testosterone,
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displaced testosterone from TeBG, increasing the plasma free, metabolically
active fraction of this hormone. Thus administration of either halotestin or
testosterone results in a decrease in the frequency of spontaneous LH secretory
pulses. When Halotestin is used for this purpose, each LH pulse can be seen
to be followed 30 minutes later by a "spike" in plasma testosterone and 17

alpha OH progesterone. This is the first unequivocal demonstration that tes-
tosterone levels in plasma respond to spontaneous spike releases of LH in man.

Previous studies have shown that Anorexia Nervosa is associated with abnormal
hypothalamic function. These observations have led to attempts to treat these
patients with cyproheptadine, a centrally active serotonin antagonist which
stimulates the appetite of normal persons. In a double blind study of 13

patients with Anorexia Nervosa, half the patients given cyproheptadine have
experienced significant and sustained weight gain while no patients given the

placebo have improved. Successful medical management constitutes a signifi-
cant development in treatment of adults with this disorder.

The previously reported sensitive in vitro assay for hCG and LH based upon tes-
tosterone production by collagenase dispersed rat Leydig cells has been adapted
for use in measuring serum hCG and LH levels with a sensitivity comparable to

that achieved in radioimmunoassays. Levels obtained by in vitro bioassays (B)

and radioimmunoassays (I) of aliquots of the same serum specimens were compared.
The B/l ratio was about one in specimens for normal women but was significantly
higher in specimens for normal men and post-menopausal women where values ranged
from 2-3. These observations are the first to show alterations in B/l ratios
of serum LH associated with different physiological and pathophysiological
states in man.

The sphygmo-recorder which measures the interval between the onset of the QRS
complex in the electrocardiogram and the arrival of the pulse wave at the

brachial artery has been used to study cardiovascular changes among patients
with endocrine disorders associated with abnormal gonadal function and infer-
tility. These include patients with thyroid diseases, pheochromocytosis and
acromegaly. The method has been shown to be effective in screening for cardio-
pathy and as an ancillary test of thyroid function among these patients.

Key Word Descriptors

Cyclic AMP; gonadotropins; bioassay, in vivo and in vitro; receptors, assays;
androgens; binding proteins; testes; ovaries; infertility; oogenesis; ATP;

nuclear magnetic resonance; spermatogenesis; hypothalamus; hornone action;
hormone secretion; mathematical models; neurotransmitter; epinephrine; myosin;
chromaffin granule; chloride ions: chloride and divalent; electron microscopy;
X-ray diffraction; adrenal gland; adenylate cyclase; plasna membranes.
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of British Endocrine Society and Endocrinology Section of the Royal Soc.
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3. American Chemical Society meeting. Symposium on Contemporary Separation
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4. 22nd Annual Colloquium on "Protides of the Biological Fluids", Symposium
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3. Speaker at the Eighth Pan American Congress of Endocrinology, October 27-
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6. Speaker at the Symposium on Plasma Membrane Receptors, Johns Hopkins
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Baltimore, Maryland, September 1974.

3. Roanoke Medical Foundation, Anorexia Nervosa, Roanoke, Virginia, October
1974.

4. Speaker at the Endocrine Society Training Course in Radioimmunoassay,
Bethesda, Maryland, February 1975.

Awards and Honors - Harvey B. Pollard

NIH Representative to the Applications Steering Committee, National
Aeronautics and Space Administration, Soyuz-Apollo Rocket Program, 1975.

Chairman of Round Table on Mechanisms of Neurotransmitter Release, Soc-
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4. Biophysical Society, Philadelphia, Pennsylvania, February. 27, 1975.

5. Cell Surface and Cell Receptor Conference, Squaw Valley, California,
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3. Washington Urological Society, "Diagnosis and Medical Management of the
Infertile Male", Washington, D. C, December 1974.

4. Second NICHD Annual Workshop on the Testis, Chapel Hill, North Carolina,
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5. Post Graduate Course, American College of OB-Gyn, 1) "Evaluation of the
Infertile Male" and 2) "Medical Management of the Infertile Male",
Boston, Massachusetts, May 1975.

6. Lecture Series - "Endocrine Parameters of the Fertile and Infertile Male",
Harvard Medical School, Boston, Massachusettts, May 1975.
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Consulting Member
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International Atomic Energy Agency
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Analytical Biochemistry
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1. George Washington University, Washington, D. C, January 1974.
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4. University of Southern California School of Medicine, July 1974.
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Project Title: Renin-Angiotensin System and Aldosterone Secretion.
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Principal Investigator: K. J. Catt

Other Investigators: S. Saltman, J. Douglas, A. Baukal and P.' Fredlund.
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Total: 5 1/2
Professional: 5
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Project Description:

Objectives :

1. To elucidate the mechanisms by which angiotensin II and other glomerulotropic
factors control the synthesis and secretion of aldosterone by adrenal cortex
cells in vitro.

2. To apply improved plasma renin assay methods to analysis of renin-angiotensin
- aldosterone relations in normal and hypertensive subjects, and during
normal and abnormal pregnancy.

3. To examine the regulation of renin and aldosterone secretion during dietary
electrolyte changes in rat and dog, and in the sheep fetus during normal
pregnancy.

Methods Employed :

Radioimmunoassay of blood angiotensin II and plasma aldosterone; radioimmuno-
assay of angiotensin I generated during plasma incubation for assay of plasma
renin activity, concentration and substrate in human, rat and sheep plasma;
measurement of aldosterone production by enzyme-dispersed cells of the canine
zona glomerulosa; radioimmunoassay of cyclic AMP and cyclic GMP; measurement
of the concentration and affinity of angiotensin II receptors in adrenal
cortex by quantitative binding assays.

Maj or Findings :
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Angiotensin II Receptors.

Receptors for angiotensin II have been identified in homogenates of the bovine,

rat and canine adrenal glands. The binding-inhibition activities of a large

number of angiotensin II antagonists were measured in the adrenal radioligand-

receptor assay based upon bovine adrenal particles and -^^-"I-angiotensin II.

The binding affinities of the adrenal receptors for various antagonists were

well correlated with the inhibitory potency of the analogues in smooth muscle,

indicating a functional similarity between the receptors for angiotensin II in

the two target tissues.

Aldosterone responses of adrenal cells to angiotensin analogues in vitro.

Dispersed zona glomerulosa cells from the canine adrenal gland have been applied
to the development of a highly sensitive in vitro system which responds to

physiological levels of angiotensin II (10 M) with increased aldosterone
production. This preparation has been employed to measure the agonist and
antagonist activities of angiotensin analogues upon the zona glomerulosa
cell. These studies have shown that antagonists bearing aliphatic substituents
in the 8 position show agonist activity with increasing chain length of the
aliphatic group. Although 8-isoleucine angiotensin II is the most potent
antagonist, it possesses significant agonist activity and cannot completely
abolish aldosterone production. The less potent 8-alanine derivative shows
no agonist activity, and is therefore a more effective antagonist of angioten-
sin Il-induced aldosterone production. Binding and activity studies will be
performed upon a large number of antagonist analogues to seek correlates
between confirmation and biological activity.

Factors controlling aldosterone secretion.

The control of aldosterone secretion by angiotensin II, K+ and ACTH is being
investigated in the dispersed glomerulosa cell preparation. A significant
effect of potassium ion concentration upon the sensitivity of the adrenal cells
to angiotensin II has been observed, with higher sensitivity at increasing
potassium levels. This synergistic effect has not previously been reported,
and is probably an important factor in the regulation of aldosterone secretion
in vitro. The action of angiotensin II upon adrenal glomerulosa cells is

accompanied by a rise in cyclic AMP formation, but no change in cyclic AMP was
detectable during stimulation of aldosterone production by angiotensin II.

Modulation of angiotensin receptors by Na and ]&.

Effects of dietary electrolytes on rat adrenal receptors for angiotensin II

have been extensively studied by Dr. Douglas. The concentration of receptors
in the adrenal was increased by sodium deprivation or high potassium intake,
and was decreased by high sodium or low potassium intake. These changes were
not accompanied by significant alterations of the receptor affinity for angio-
tensin II. A decrease in receptor sites was observed after nephrectomy, sug-
gesting that adrenal receptors are maintained by circulating angiotensin II
levels.

Assays of plasma renin activity, concentration and substrate in plasma.
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Assay procedures for these factors were improved and standardized, and employed
in an International Collaborative Study on Renin Assay imder the auspices of
the World Health Organization. Analysis and comparison of the several tech-
niques currently employed for assay of plasma renin activity (PRA) was perform-
ed, and the most satisfactory conditions were established to be: Incubation
of undiluted plasma at pH 6.0 for 3 hr. in the presence of 5 mM EDTA and 5 mM
PMSF (phenylmethyl sulfonyl fluoride). The latter compound is a less toxic
protease inhibitor than DFP , a previously recommended inhibitor for renin assay,
and is furthermore effective at both pH 6.0 and pH 7.4, the two currently em-
ployed pH levels for plasma incubation during renin assay.

PRA and plasma aldosterone in human hypertension.

In addition to the application of these assays to evaluation and diagnosis of
patients with mineralocorticoid hypertension, studies have continued on the
patient population of the hypertension clinic of the DC General Hospital. The
earlier observation from this study, that patients with low-renin hypertension
are not protected from vascular complications such as stroke and nty-ocardlal
infarct, has been supported by more extensive studies on this patient group,
and also by reports since published by several other investigators. Survey
of this hypertensive population has revealed two patients with hypertension
due to excessive aldosterone secretion by adrenal adenoma, and a large propor-
tion of patients with "low-renin" hypertension. The latter subjects are
currently being further examined for their PRA and plasma aldosterone responses
to posture, diuretics and agents such as diazoxide, to permit subdivision of
the low-renin group of patients into categories with high or low probability
as candidates for steroid-dependent hypertension.

Renin-angiotensin system and aldosterone during human pregnancy.

The assay of all components of the renin- angiotensin system (PRA, PRC, PRS
and angiotensin II) and aldosterone in plasma during pregnancy has been per-
formed in a group of about 100 normal subjects. As noted previously, initial
observations in this group demonstrated marked increases in PRA, PRC, PRS,
All and aldosterone during pregnancy, in contrast to the changes seen during
oral contraceptive therapy when PRS was similarly elevated and All only slightly
increased.

Completion of this study in normal pregnancy will be followed by observations
in selected groups of patients with abnormalities of pregnancy, particularly
those with preeclampsia and other forms of hypertension and renal disease.
In addition, correlations between the activity of the components of the renin-
angiotensin system will be evaluated, and the extent of metabolism of angio-
tensin II during normal and abnormal pregnancy will be determined by chroma-
tography of plasma extracts followed by radioimmunoassay and bioassay of the

angiotensin peptides.

Renin activity in maternal and fetal plasma during ovine pregnancy.

These studies are described in detail in the report of the Pregnancy Research
Branch. Briefly, PRA showed only a moderate increase by comparison with the
human, and only during the third trimester and post-partum period. Fetal PRA
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levels were higher than maternal values, and both responded to diuretics. The

fetal renin was shown to originate solely from the fetal kidneys, and no trans-

placental passage of renin was detected. Assays of PRS and plasma aldosterone

showed no significant changes during pregnancy in the maternal circulation.

Further studies will include examination of 6-adrenergic blockade upon renin

secretion during pregnancy, and the use of inhibitors of the renin-angiotensin

system to determine the mechanisms of regulation of aldosterone secretion in

the ovine fetus.

i

Proposed Course of Project :

Studies in the human will be extended to the analysis of low-renin hyperten-

sion into etiological subgroups, and the the evaluation of the renin-aldoster-
one changes in abnormal pregnancy. If possible, angiotensin antagonists will
be applied in non-pregnant subjects to determine the role of angiotensin II

in aldosterone secretion and in certain forms of hypertension.

Angiotensin II receptors of the adrenal gland will be further employed to study

the conformational requirements for receptor binding and target cell activation,
utilizing a number of agonist and antagonist analogues of angiotensin II.

The mechanisms by which angiotensin II, ACTH and potassium stimulate aldoster-
one production will be further explored in dispersed adrenal cells. The re-
lationship of receptor occupancy with membrane-associated enzjmies and cyclic
nucleotide turnover will be analyzed in more detail, and the possible role of
sodium-potassium activated ATP'ase in the action of angiotensin will be inves-
tigated, t

Keyword Descriptors: I

I

Renin activity, concentration and substrate; angiotensin I and II; receptors; '

hypertension; pregnancy.

Honors and Awards : I

K. J. Catt
!

Invited Lectures :
I

Annual Meeting of the Endocrine Society, Atlanta, June 1974
Gordon Converence on Hormone Action, Meridan, N. li. , July 29-Aug. 2, 1974
International Congress on Hormonal Steroids, Mexico City, August, 1974. i

Symposium on Vasoactive Peptides, Mendoza, Argentina, August, 1974.
Cleveland Clinic Research Foundation, Cleveland, September, 19 74. I

Johns Hopkins Hospital, Baltimore, September 1974. I

Workshop on Measurement of Angiotensin II and Renin, sponsored by SCOR, NHLI,
Cleveland, October 1974. '

Pan-American Endocrine Society, Buenos Aires, Argentina, October 27-November 2,
1974.

I

International Symposium on Nuclear Medicine, La Paz, Bolivia, November 1974.
Department of Physiology, University of Cujo, Mendoza, Argentina, November 1974
Reproduction Biology Study Section Workshop, Bethesda, January 1975

f
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Division of Endocrinology, Montefiore Hospital, New York, January 1975
39th Annual Meeting of the Peripatetic Club, NIH, Bethesda, February 1975
Endocrine Society Training Course, NIH, Bethesda, March 19 75

Pine Mountain Conference, Pine Mountain, Georgia, March 1975
Federation of American Societies for Experimental Biology, Atlantic City,
April 1975
International Symposium on Hypertension, Monte Carlo, April 1975
Fundacion General Mediterranea, Madrid, May 1975
Society for Developmental Biology, Orono, Maine, June 1975
Fourth American Peptide Symposium, New York, June 1975

Publications ;

The same as Dr. Dufau's with the following additions:

Catt, K. J. and Douglas, J.: Renin-angiotensin system and aldosterone. In
Rothfeld, D. (ed. ) :

"Nuclear Medicine in Vitro " Philadelphia, Lippincott,
1974, pp. 291-314.

Ketelslegers, J-M. , Knott, G. C. and Catt, K. J.: Computer analysis of the
binding reaction between hCG and gonadotropin receptors of the rat testis.
In Dufau, M. L. and Means, A. (eds.): "Hormone Binding and Target Cell Acti-
vation in the Testis " New York, Plenum Press, 1974, pp. 31-46.

Ketelslegers, J-M. and Catt, K. J. : Receptor binding properties of ^I-hFSH
prepared by enzymatic iodination. J^, Clin . Endocrinol . Metab. 39:1159, 1974.

Fleischman, A. R. , Oakes, G. K. , Epstein, M. F. , Catt, K. J. and Chez, R. A.:
Plasma renin activity during ovine pregnancy. M.. J_. Physiol . 228:901, 1975.

Fredlimd, P., Saltman, S. and Catt, K. J.: Stimulation of aldosterone produc-
tion by antiotensin II peptides in vitro: enhanced activity of the (1-sarco-
sine) analogue. _J. Clin. Endocrinol . Metab . 40:746, 19 75.

Skinner, S. L. , Cran, E. J., Gibson, R. , Taylor, R. , Walters, W. A. W. and
Catt, K. J.: Angiotensins I and II, active and inactive renin, renin sub-
strate renin activity and angiotensinase in human liquor amnii and plasma.
Am . J. Obstet . Gynecol . 121:626, 1975.
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Project No. ZOl HD 00023-01 RR

1. Reproduction Research Branch
2. Section on Endocrinology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 74 through June 30, 19 75

Project Title: Serum FSH Levels in Ovulatory and Anovulatory Menstrual Cycles \

of Rhesus Monkeys

Previous Serial Number: None

Principal Investigator: G. D. Hodgen

Other Investigators: G. T. Ross, D. Barber and C. Turner

Man Years

:

Total: 4

Professional: 2

Other: 2

Project Description:

Objectives :

1. To understand the relationship between serim FSH levels and follicular
maturation, corpus luteum formation and the functional life span of the
corpus luteum;
To determine the frequency of anovulatory menstrual cycles;
To associate abnormal FSH patterns with infertile menstrual c^/cles

;

To validate a new macaque FSH radioimmunoassay.

2.

3.

4.

Major Findings :

Out of 31 menstrual cycles on which FSH, LH, estradiol and progesterone
were measured, 20 were normal ovulatory cycles, 7 were of the short luteal
phase type (less than 12 days) and 4 were anovulatory. Short luteal phase
monkeys had inappropriate ratios of FSH:LH caused by low serum LH and a fail-
ure of serum FSH to decline from an early follicular phase high to a pre-
ovulatory nadir. The corpora lutea resulting from such cycles were apparently
abnormal with abbreviated life spans and a deficiency in progesterone secretion.
For reasons not yet clear, anovulatory cycles lack the late follicvilar phase
estrogen peak required to induce the preovulatory gonadotropin surges. '

Proposed Course of the Project :

Determine if short luteal phase cycles are characteristic of individual
monkeys. If so, attempt to "normalize" these cycles to make such monkeys
fertile.

Determine the incidence of seasonally induced anovulatory menstrual cycles
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G. D. Hodgen

Honors and Awards:

Invited Lectures :

Simian Primate Reproduction, 25th Annual Session, American Association for
Laboratory Animal Science, Cincinnati, Ohio, October, 1974.

Reproductive Endocrinology of Subhuman Primates, Curriculum in Veterinary
Physiology, Edgewood Arsenal, Maryland, March, 1975.

Publications :

Gulyas, B. J.: (Rapid Communication) Cortical granules in artificially acti-
vated (parthenogenetic) rabbit eggs. Amer. J. Anat . 140: 577-582, 1974.

Gulyas, B. J., and Yuan, L. C. : Microperoxisomes in the late pregnancy corpus
luteum of rhesus monkeys (Macaca mulatta) . J. Histochem. Cytochem . 23: 359-
370, 1975.

Hodgen, G. D. , Niemann, W. H. , and Tullner, W. W. : Duration of chorionic
gonadotropin production by the placenta of the rhesus monkey. Endocrinology
96: 789-791, 1975.

Hodgen, G. D. , and Tullner, W. W. : Plasma estrogens, progesterone and chori-
onic gonadotropin in pregnant rhesus monkeys (Macaca mulatta) after ovari-
ectomy. Steroids 25: 275-282, 1975.

Hodgen, G. D. , Tullner, W. W. , Vaitukaitis, J. L. , Ward, D. N. , and Ross, G. T.

Specific radioimmunoassay of chorionic gonadotropin during implantation in
rhesus monkeys. J. Clin. Endocr . 39: 457-464, 1974.

Krueger, P. M. , Hodgen, G. D. , and Sherins , R. J.: New evidence for the role
of the Sertoli cell and spermatogonia in feedback control of FSH secretion in
male rats. Endocrinology 95: 955-962, 1974.

Mecklenburg, R. S., Hetzel, W. D. , Gulyas, B. J., and Lipsett , M. B. : Regula-
tion of FSH secretion: Use of hydroxyurea to deplete germinal epithelium.
Endocrinology 96: 564-570, 1975.

Tullner, W. W. , and Hodgen, G. D. : Effects of fetectomy on plasma estrogens
and progesterone in monkeys (Macaca mulatta) . Steroids 24: 887—89 7, 1974.
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Project No. ZOl HD 00024-01 RR
1. Reproduction Research Branch
2. Section on Endocrinology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 74 through June 30, 19 75

Project Title: Ovulation Induction in Long-term Hypophysectomized Monkeys

Previous Serial Number: None

Principal Investigator: G. D, Hodgen

Other Investigators: G. T. Ross

Man Years

:

Total: 3

Professional: 2

Other: 1

Project Description:

Objectives :

1. To determine if estrogen alone could provoke ovarian growth after long-
term involution following hypophysectomy

;

2. To determine if FSH stimulation of the estrogen sensitized ovary could per-
mit follicular maturation, hCG induced ovulation, luteal formation and
normal progesterone secretion.

Major Findings :

If a silastic capsule containing DBS is surgically placed within an ovary
of a long-term hypophysectomy rhesus monkey, the ovary will grow and become
responsive to systemic exogenous FSH. The contralateral ovary remains quies-
cent. FSH, given 7 days after the estrogen implant, in doses from 25 to 75 lU
daily for 3 to 5 days induces follicular maturation. A pulse of 1000 lU of hCG
will then result in ovulation, and corpus luteum formation which is sustained
for 10 to 17 days. This regimen was effective in about 50% of the trials.

Proposed Course of the Project :

Determine if the process of artificially inducing follicular growth is
suppressed by androgens.

Determine if these ovulations can result in conception and pregnancy.
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Project No. ZOl HD 00025-01 RR
1. Reproduction Research Branch
2. Section on Endocrinology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: a- 1-Fetoprotein as an Indicator of Fetal Weil-Being

Previous Serial Number: None

Principal Investigator: G. D. Hodgen'

Other Investigators: W. W. Tullner

Man Years

:

Total: 1

Professional: 1

Other:

Project Description:

Objectives :

1. To determine value of serum a-1 fetoprotein levels as a diagnostic test
indicative of fetal distress.

Maj or Findings :

A protein specific for the fetus, a-l-fetoprotein (AFP) occurs abundantly
in the blood and tissues of human embryos. Elevated AFP levels in maternal
blood have been associated with fetal death or fetal distress (H. Cohen et al.

Amer. J. Obstet. Gynec. 1973). This protein is also synthesized by fetal
rhesus monkeys and is present in maternal serum. In collaboration with Dr.

Herman Cohen (Princeton Laboratories) we are investigating the potential use-
fulness of AFP levels (using radioimmunoassay and counterimmimoelectrophoresis
techniques) for diagnosis of fetal status in monkeys used in experiments on
primate fetal endocrinology. Preliminary findings on normal babies indicate
low levels of maternal AFP just prior to and at delivery orCaearean section at
the expected time of parturition. AFP levels were elevated in two mothers
carrying a dead fetus while levels were low where fetal resorption had occurred
after maternal hypophysectomy.

Proposed Course of the Project:

Investigation shows that maternal serum AFP levels promise to be a useful
diagnostic tool in monitoring fetal well-being in the rhesus monkey. Further
studies will be made to determine alterations in AFP levels during normal ges-
tation and as a result of changes in fetal endocrine status.
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Project No. ZOI HD 00026-01 RR
1. Reproduction Research Branch

i

2. Section on Endocrinology
3. Bethesda, Maryland

PHS-NIH
Individual Proj act Report

July 1, 1974 through June 30, 1975

Project Title: Activation of Parthenogenic Development of Mammalian Oocytes
^

Previous Serial Number: None

Principal Investigator: G. D. Hodgen

Other Investigators: B. J. Gulyas

Man Years

:

Total: 2

Professional: 1

Other: 1

Project Description:

Objectives :

1. To compare the effectiveness of chemical and physical stimuli to induce

parthenogenic development of rabbit eggs.

2. To describe a reliable procedure for artificial induction of parthenogenic

development of rabbit eggs.

3. To describe the structural processes of cellular division and the degree

and time-course of these raaturational events in parthenogenesis.

Major Findings :

Mammalian oocytes can be activated either by physical or chemical stimuli

to initiate parthenogenetic development. It is, however, not known whether

artificial activation is followed by the normal sequence of events, such as

dehiscence of cortical granules. Cold-shock treatment and electrical stimulus

were used as a source of activation of rabbit, hamster and mouse oocytes.

Formation of pronuclei occurred in 63% of the cold-shock treated rabbit eggs,

while none of the control oocytes were activated. Electron microscopic obser-

vations show that activation occurred without the dehiscence of cortical granule

content into the perivitelline space. Instead, cortical granules were dis-

persed in the cytoplasm or clumped togetlier at the periphery of the oocytes. I

Monophasic electrical stimulus of 150V was applied to unfertilized rabbit,

hamster and mouse oocytes. Electron microscopic observations of oocytes which

were fixed immediately after electrical stimulus showed ooplasmic membrane

damage, but no release of the cortical granules. Oocytes which were incubated

for 30 min. after stimulation showed partial release of cortical granules in

a small portion of the eggs. Longer incubation resulted in the release of

higher proportion of the cortical granules. .
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Proposed Course of the Project :

Continue the presently ongoing project on the release of cortical gran-
ules and improve viability of the parthenogenones . A new approach will be
used utilizing several ionophores to bring about quick release of cortical
granules.
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Project No. ZOl HD 00027-01 RR

1. Reproduction Research Branch
2. Section on Endocrinology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Isolation and Characterization of Primate Gonadotropins and
,

Development of Reagents for their Measurement

Previous Serial Number: None

Principal Investigator: G. D. Hodgen

Other Investigators: H-C. Chen, E. Gross and G. T. Ross

Man Years

:

Total: 2

Professional: 2

Other:

Project Description:

Objectives :

1

1. To purify pituitary gonadotropins from castrate rhesus monkey urine;
2. To provide a reference preparation rich in macaque FSH to accompany H—31

FSH antiserum for distribution;
3. To purify mFSH and mLH as antigens to generate antisera suitable for radio-

immunoassay.

Major Findings :

A procedure for isolation of gonadotropins from ovariectomized rhesus
monkey urine was developed which involved extraction of acetone precipitate
with O.OIN NH^OH-HOAc, pH4.5 and subsequent employment of sulfopropyl Sephadex
C-25 in the same buffer to replace kaolin for the absorption of gonadotropic
activities, followed by elution with 0.5N NH4OH-HOAC, pHA.5. This procedure
has advantages of simplicity, effectiveness and carrying out under mild con-
dition. I

1

I

Adsorption of "Fraction So," the extract of acetone precipitate, to SP-
j

Sephadex at the scale ranging from 30 g to 45 g were carried out which yielded {

and were pooled into three fractions, I, II and III. Fraction I, non-adsorbed
j

substances, possessed insignificant or no FSH activity, where both LH and FSH
activities were contained in Fraction II (0.5 N NH^OH-HOAc eluant) and Fraction
III (2. ON NH^OH-HOAc eluant). Fraction III possessed higher specific activities
but yield was low. Work-up of the fraction will be carried out after accumulation
of more samples. Fraction II was chromatographed on the DEAE-Sephadex A-25
column and eluted by a linear gradient from 0.04N to 0.4N ammonium bicarbonate- .

t
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airanonia buffer, pH8.5. The yield of each fraction and its gonadotropic activ-

ities were satiafaictory.

It is to be noted that LH activity as assayed by the receptor method is

low. However, two activities are partially separated by the DEAE-Sephadex
column chromatography. Works are in progress in order to obtain both FSH and
LH sufficiently pure for the development of a homologous radioimmunoassay
system. A recommendation to adopt Fraction A as the reference preparation
for mFSH has been submitted to the Contraceptive Branch, Center for Population
Research, NICHD.

Proposed Course of the Project :

Preparation of S-Carboxymethyl-HCG-3 and - Ovine LH-g as Antigen. HCG-g
subunit (Canfield) and ovine IH-3 subunit (Ward) were reduced with dithioery-
threitol in 0.5 N TrisHCl, pH8.5 containing 8 M urea at 37° C and then reacted
with iodoacetic acid under the same condition. Five rabbits were immunized
with each. The purpose of this experiment is to attempt the production of an
antibody adequate for the development of monkey LH radioimmunoassay system
which is currently not readily available.
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Project No. ZOl HD 00028-01 RR
1. Reproduction Research Branch
2. Section on Endocrinology
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Nutritional Factors Influencing Pituitary Gonadotropin
Secretion and Gonadal Function in Rats

Previous Serial No. : None

Principal Investigator: G. D. Hodgen

Other Investigators: W. E. Nixon

Man Years

:

Total: 2

Professional: 1

Other: 1

Project Description:

Objectives :

1. To determine the effect a pyridoxine deficiency and an analogue on pitui-
tary gonadotropin secretion and ovarian function;

2. To determine the effects of protein deprivation on pituitary gonadotropin
secretion.

Major Findings :

The pituitary-gonadal axis in adult female rats was studied to determine
the effect of a pyridoxine deficiency and deoxypyridoxine treatment. De-
creased ovarian function was demonstrated by lowered serum estradiol in both
experimental groups but serum FSH was not increased significantly, indicating
increased synthesis and unchanged secretion. Pituitary LH was lowered slightly
in pyridoxine deficient animals but serum LH. was not changed. In animals re-

ceiving deoxypyridoxine pituitary LH was elevated slightly while serura LH was
decreased. The experimental regimens appeared to exert influence on the re-

lease of LH since pituitary levels and serum values changed reciprocally.

Effects of a pyridoxine deficiency on the pituitary-gonadal axis may be

due to decreased ovarian secretion of estrogen and/or specific effects in the
pituitary or higher centers caused by aberrations of pyridoxine-mediated
metabolism.

Nibbling and meal-fed female rats receiving protein adequate and protein-
free (PD) diets were examined for effects on the pituitary-gonadal axis.

Deprivation of protein resulted in lower serum LH in both nibbling and meal-fed
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rats. Serum FSH was increased slightly by meal-feeding. LH in pituitaries of
PD rats was about 50% of that in normal animals whereas FSH was approximately
73%. Protein effects on gonadotropin secretion appeared to be dependent on
animals age as well as dietary regimen. LH-RH, in vitro, released 20% of LH
from pituitaries obtained from PD rats but only 14% of that in normals.
Pituitaries from normal and protein deprived rats released equivalent per-
centages (26) of FSH under LH-RH stimulation in vitro. The sensitivity of
the pituitary from PD rats to LH-RH stimulation in vitro is increased for LH
release but remains unchanged for release of FSH.

Proposed Course of the Project :

Riboflavin (Vitamin B2) is important in energy transduction and as a
proton transfer agent. The effect of dietary deprivation of this vitamin on
the pituitary-gonadal axis with respect to gonadotropin and estrogen secretion
will be investigated. Results will be compared with previous studies to
determine differential affects of this regimen on LH and FSH metabolism.
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Project No. ZOl HD 00029-01 RR
1. Reproduction Research Branch
2. Section on Endocrinology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 74 through June 30, 19 75

Project Title: Structure-Function Correlations in Primate Corpus Lute urn

Tissue at the Ultras tructural Level

Previous Serial No.: None

Principal Investigator: G. D. Hodgen

Other Investigators: B. J. Gulyas

Man Years:

Total: 2

Professional: 1

Other: 1

Project Description:

Objectives :

1. To determine microstructural characteristics of primate corpus luteum
which are indicative of steroidogenesis;

2. To localize enzyme systems regulating synthesis and secretion of steroids,
especially progestins, within primate luteal tissue.

Major Findings :

Microperoxisomes which are round or elongate organelles and are delimited
by a unit membrane, were identified in granulosa lutein cells from rhesus mon-
keys (Macaca mulatta ) . Microperoxisomes were visualized at the ultrastructural
level in aldehyde fixed tissues, incubated in 3,3'-diaminoben2idine. Recon-
struction of serially sectioned tissue showed that 18% of the sampled micro-
peroxisomes were spherical, 49.5% ovoid or slightly elongate, and 31.8% were
tubular. Tortuous undulating agranular endoplasmic reticulum (ER) was usually
closely associated with microperoxisomes. The association of 107 microperoxi-
somes and the ER was reconstructed from serially sectioned tissues. Spherical
and elongate microperoxisomes were frequently observed in clusters joined to

ribosome-free, dilated ends of granular ER. Microperoxisomes were attached to

the ER and to each other by means of several types of linkers. Earlier it was
postulated that microperoxisomes might be the site of action of A -33-hydroxy-
steroid dehydrogenase. However, more recent results indicate that hydroxy-
steroid dehydrogenase activity cannot be domonstrated in microperoxisomes of
the ultrastructural level. Other results indicate that microperoxisomes in

the granulosa lutein cells might be important in the withdrawal of metabolic
intermediates for steroidogenesis from lipid droplets.
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Proposed Course of the Project :

Complete study on the microperoxisomes and the cellular localization of

A^-33-hydroxysteroid dehydrogenase in the monkey granulosa lutein cells.
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Project No. ZOl HD 00030-02 RR
1. Reproduction Research Branch
2. Section on Endocrinology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Characterization of the Pattern of Chorionic Gonadotropin
Production in Primates

Previous Serial No: RPL-15

Principal Investigator: G. D. Hodgen

Other Investigators: W. W. Tullner, C. Turner and D. Barber

Man Years

:

Total: 4

Professional: 2

Other: 2

Project Description:

Objectives :

1. Determine usefulness of the Subhuman Primate Pregnancy Test Kit on Baboons;
2. Determine the pattern of immunoreactive chorionic gonadotropin in marmoset

urine

;

3. Firmly establish the interval of chorionic gonadotropin production by the

macaque placenta.

Major Findings :

Reports from another laboratory over the past 5 years stated that the pro-
duction of mCG by macaque placenta increased markedly with advancing gestation.
Our previous results were in complete disagreement. The importance of resolv-
ing this difference centered around the appropriate use of these macaques in

pregnancy research, since both women and high primates have their chorionic
gonadotropins throughout pregnancy. We foimd that neither immunoreactive nor
biologically reactive mCG could be detected in placental extracts, serum or

urine after 45 days in pregnancy. This feature of a limited interval of mCG
excretion in macaques makes them a valuable model for pregnancy research where
the absence of chorionic gonadotropin is experimentally desirable during the

latter 2/3 of pregnancy.

The hemagglutination test for diagnosis of pregnancy in baboons is very
effective from 17 to 29 days in pregnancy, which is about twice the effective
interval in macaques. This difference is likely due to the higher levels of

CG in baboons.
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Marmosets are new-world primates of particular significance in research
protocols requiring multiple fetuses in each pregnancy (85% incidence of twins
or triplets). To date, pregnancy diagnosis in marmosets has required either
manual palpation or a lengthy bioassay. These methods are not reliably ef-
fective until about the 70th day of gestation. Our radioimmunoassay for mCG
accurately detects marmoset chorionic gonadotropin from 25-30 to 95-105 days
after conception. Term occurs around 145 days after fertilization.

Proposed Course of the Project ;

Determine effectiveness of the Subhuman Primate Pregnancy Test Kit for
diagnoses in marmosets.

Compare the chorionic gonadotropin production patterns in new world mon-
keys with those of old world primates, including man.
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Project No. ZOl HD 00031-02 RR
1. Reproduction Research Branch
2. Section on Endocrinology
3. Bathes da, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Hormonal Interrelationships Between Fetus , Mother and Placenta
Throughout Gestation in Rhesus Monkeys

Previous Serial Number: RPL-4

Principal Investigator: G. D. Hodgen

Other Investigators: W. W. Tullner, B. J. Gulyas, and G. T. Ross

Man Years

:

Total: 5

Professional: 4

Other: 1

Project Description:

Objectives :

1. To understand the hormonal interrelationships between maternal and fetal
tissues as well as the placenta;

2. To describe the intrauterine hormonal dependencies of the fetal endocrines;
3. To assess the functional contributions of the placenta separate from the

other endocrine tissues;
4. To assess the functional status of the maternal and fetal pituitaries

during gestation.

Maj or Findings :

Recent evidence from other laboratories established that the corpus luteum
of pregnancy in primates becomes "rejuvenated" during the final month of gesta-
tion. It was speculated that the luteal tissue might reassume an important
role in progesterone secretion in late pregnancy. In addition, last year we
found that fetectomy in rhesus monkeys resulted in marked decreases in estra-
diol and estrone levels in circulation, but that progesterone was unaffected.
In order to resolve whether the placenta or ovarian luteal tissue or both were
responsible for typical progesterone levels in advanced gestation, we performed
bilateral ovariectomy at 22 to 24 days after conception. Both serum estrogens
and progesterone rose in the normal pattern concommitant with placental growth.
Thus, the patterns for circulating estrogens and progesterone after ovari-
ectomy were remarkably similar to those found in intact, pregnant rhesus mon-
keys, indicating minimal ovarian influence. The placenta is the major source
of progesterone throughout the course of advanced pregnancy.
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Earlier studies employing maternal hypophysectomy of pregnant rhesus mon-
keys revealed a 3-fold hypertrophy of the fetal adrenals. In addition, the

maternal adrenals underwent only partial atrophy during the postoperative
portion of gestation. Nonpregnant monkeys having their hypophyses removed
for the same period had undergone massive atrophy of the adrenals. What was

the source of the stimulus reaching the maternal adrenal following hypophys-
ectomy of the pregnant monkeys? To answer this question, we employed fetectomy
of previously hypophysectomized pregnant monkeys. Our preliminary observa-
tions indicate that maternal adrenal weights and Cortisol secretion are part-
ially sustained in response to a stimulus of placental origin.

Studies on the effects of maternal hypophysectomy on endocrine tissues
and plasma hormone levels in pregnant rhesus monkeys (Macaca raulatta) have
been continued. Hypophysectomy was performed at 56-71 days gestation. At
the expected time of delivery (160-168 days), babies were delivered naturally
or by hysterotomy. Concentrations of estrone (Ej^) and estradiol-17g in the

plasma of hypophysectomized mothers with Cecaarean-derived babies were 40-50
fold higher than those from infants delivered naturally. A similar but less

marked elevation of maternal serum estrogens was observed in normal intact
mothers with (iesarean-derived babies obtained at the time of expected birth.
Thus the expulsion of fetus and placenta in monkeys having normal delivery
produced a marked reduction in maternal plasma estrogen levels. It has been
demonstrated that the fetus is the source of the steroid metabolites resulting
in the increase in maternal plasma estrogen seen in the latter part of preg-
nancy (Tullner and Hodgen, Steroids, 1974). On the basis of limited data,

plasma samples obtained from infant monkeys from hypophysectomized mothers
show elevated estrogen (E]^ and E2) levels shortly after birth, in contrast to

low estrogen concentrations in the plasma of infants from intact mothers.
The elevated estrogen levels in babies from hypophysectomized mothers may re-
flect increased fetal biosynthesis in response to a maternal deficiency.

Proposed Course of the Project :

Determine if the primate placenta secretes a substance which has an ACTH—
like effect on the adrenal cortex, and, if so, attempt its identification.
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Project No. ZOl HD 00032-02 RR

1. Reproduction Research Branch
2. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Structure and Function of Proteins

Previous Serial Number: RPL-12

Principal Investigator: J. S. Cohen

Other Investigators: M. B. Hayes, H. Shindo

Cooperating Units: R. Wasylishen, Laboratory of Chemical Physics, NIAMDD;
H. Hagenmeier, University of Tubingen, Germany;
D. Mercola, Agricultural Research Council Unit, Oxford
University, England. IWIR spectrometers supported by
DCRT and LCP, NIAMDD.

Man Years

:

Total: 3

Professional: 3

Other:

Project Description:

Objectives :

1. To obtain detailed information on the structure and function of proteins,
principally by the use of nuclear magnetic resonance techniques by ex-
ploring the capability of resolving resonances of individual atoms within
a protein molecule in solution by proton and carbon-13 NMR at natural
abundance.

2. To extend the application of the technique of high resolution NMR to macro-
molecules.

Major Findings :

Three of the four NMR titration curves of RNase, those assigned to histi-
dine residues 12, 48 and 119, show inflections at low pH, in addition to the

main inflection due to the ionization of the imidazole group. The origin of

the low pH inflection has been a subject of some controversy in the literature.
We have obtained evidence that in all three cases the inflections arise from a

common carboxyl group ionization. This implies that a conformational change
affects the two active site histidine residues, 12 and 119. Thi.s result was
accomplished by obtaining four sets of NMR titration data for RNase A and S

under different conditions, in which a resonance for histidine 48 could be seen

throughout. Previously we had published only one data set for histidine 48.
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Then these data sets, plus seven others which had not been so treated, were
subjected to comparative curve-fitting using several mathematical models. The
results indicated that the model assuming a common pK^ for the low pH inflec-
tion gave as good a fit as that for each interacting separately with a carbonyl
group, and a better fit than the model assuming mutual interaction of the active
site histidine residues, which has been preferred by some others. Aspartic
acid 14 was judged responsible for the low pH inflection in the curve of histi-
dine 48, and the differences observed for this curve between RNase A and S.

This indicates histidine 48 is an important part of the binding site for the
amino terminal portion of the RiNfase molecule. Also, the conformational change
affecting the active site can then be understood in terms of a change in the
juxtaposition of the side chains of the aspartic acid 14 and histidine 48
between pH 4.2 and 6.2, their respective pK^ values determined from the ]MR
titration curves. This work is being written up for publication.

The IMR titration curves of the three histidine residues of RNase S-pro-
tein (residues 21-124) have been obtained. Since these are quite distinct
this indicates a definite tertiary structure for this portion of the Rl^Iase

molecule in solution. Two of the curves were almost identical with those in
Ri'Jase, indicating that the local environments of these two histidine residues
are retained in S-protein. However, one of these two, attributed, to histidine
48, lacks the low pH inflection observed in RNase. This is evidence that this
inflection arises from aspartic acid 14, which is absent in S-protein. The
titration curve of the third histidine residue 119 is different from that in
RiNlase, which unfortunately precludes a clear distinction between the curves of

the two active site histidine residues 12 and 119 in RNase itself. In addi-
tion a fourth titration curve is observed in spectra of S-protein, and the

variation in intensity of this resonance indicates this arises from the equiv-
alent histidine residues of denatured material.

A detailed analysis of the IMR titration curves of human, horse and sperm
whale metmyoglobins and of the effects of azide ion upon them was completed.
We were able, using published results on the carboxymethylation of certain
histidine residues and X-ray structures of sperm whale myoglobin in the ab-

sence and presence of ligands to arrive at reasonable assignments for all the

titrating resonances observed. For example, the resonance which exhibited the

characteristic properties of high pK and upfield shift was assigned to histi-
dine residue 36, which is stacked 3.5 A from a phenylalanine side chain and is

hydrogen-bonded to a glutamic acid side chain in the X-ray structure. This
work was prepared for publication and submitted to J. Biol. Chem.

Preliminary results have been obtained in an NMR study of the histidine
ring C2 protons of pig insulin, as a means to monitor the aggregation and zinc-

complexation properties in solution. We have observed four resonances which

appear to be characteristic for the 4-Zn2+ species in solution, in which the

two histidine residues occupy four different environments in the structure

determined by X-ray crystallography. Difficulties arise in these studies due

to insolubility and long-term equilibrium effects.

Measurement of the spin-lattice (T^) and spin-spin (T2) relaxation times,

which are a measure of mobility in solution, were extended to the C2 and C4

proton resonances of polyhistidine. The results complement those obtained
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previously on imidazole and some proteins. In particular the effect of added

Cu2+ ion is dramatic giving a sharp maximum centered at pH 3.5. A sharp in-

crease is observed in the catalytic oxidative properties of Cu -polyhistidine

at this pH value. Our results indicate the formation of a specific complex

at this pH, which contradicts results obtained by more conventional methods,

and we believe it is this complex which is active in the oxidative process.

This may provide further understanding of the mechanism of action Cu(II) oxy-

genases. This is being written up, for publication.

Samples of hen egg white lysozyme at different pH values were run at 25 (i

MHz (by Dr. Shindo on a visit to JEOL Labs. Inc.). These provided sufficient

preliminary indication that it should be possible to resolve individual car-

boxyl group carbon atoms, and to obtain their ionization constants, in the

carbon-13 NMR spectra at natural abundance (1.1%).

Proposed Course of Project :

Work is continuing specifically:

a) on attempting to obtain a definitive assignment of the four histidine
C2 proton resonances in RNase.

b) to observe resonances for the Z-Zn^"*" complex of pig insulin and study
the interconversion to the 4-Zn2+ case in solution. This study might
also be extended to proinsulin.

c) to extend the studies of the myoglobins to the deoxy and oxy forms,

in order to use the assignment of the histidine C2 proton resonances. (

This study might then be extended to hemoglobin.

d) to use carbon-13 NMR at natural abundance to obtain detailed infor-
mation on individual groups (such as carboxyl groups) which are not
observable by other techniques in proteins in solution. This work is

expected to enter a very active phase now that the carbon-13 spectro-
meter operating at 68 MHz is operational, lie intend to extend these I

studies to protein hormones (hCG, hGH) . j

I

Keyword Descriptors:
|

I

Nuclear magnetic resonance; proteins: structure, function, and confir-
mation of. '

Publications : I

Cohen, J. S., Fisher, W. , and Schechter, A. N. : Spectroscopic Studies on the J
Conformatxon of Cytochrome c and Apocytochrome c. J. Biol Chem. 249:1113-1118
1974. '

I

Cohen, J. S., and Hayes, M.B.: NMR Titration Curves of Histidine Ring Protons,V Comparative Study of Cytochrome c from Three Species and the Assignment
ot individual Proton Resonances. J. Biol. Chem . 249:5472-5477 1974
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Hayes, M. B. , Cohen, J. S., and McNeel, M. L. : NMR of Amino Acids, Peptides
and Proteins. Mag. Res. Rev . 3:1-63, 1974.

Wasylishen, R. and Cohen, J. S.: Spin Lattice Relaxation Times of Imidazole
Protons and their Relevance to NMR Studies of Proteins. Nature 249:847-850,
1974.
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Project No. ZOl HD 00033-02 RR
1. Reproduction Research Branch
2. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Application of Stable Isotopes to Biochemical Problems

Previous Serial No. : RPL-13

Principal Investigator: J. S. Cohen

Cooperating Units: I. Kopin, S. Markey, Laboratory of Clinical Sciences , NIMH

Man Years

:

Total: 0.2
Professional: 0.2
Others:

Objectives :

1. To develop the use of stable isotopes ( C, N) in biochemical systems
with the application of appropriate techniques (NMRm GLC-MS).

2. To prepare, chemically or biosynthetically , molecules containing these
isotopes for studies of structure and function.

Major Findings :

Highly enriched (ca 85%) carbon-13 amino acids have been prepared for us

by Andrulis , Inc., from algae provided by the Biomedical Group, AEC, Los Alamos.
Preliminary amino acid analyses (carried out in Dr. Gross' laboratory) and
gas-liquid chromatography-mass spectrometry have been obtained.

A study was made of the pH-dependence of the spin-lattice relaxation rate
(1/T]^) of the carbocyl carbon atom of 85% enriched acetic acid. No significant
pH-dependence was observed, but a sharp maximum was obtained on addition of

Cu2+ at 10"'^ to 10~5 M. These results indicate that the interpretation of a

similar phenomenon by J. D. Roberts and coworkers (Proc. Nat. Acad. Sci. , 71 ,

2096, 1974) is incorrect, namely that the effect is not due to a spin-rotation
mechanism, but rather due to trace impurities of paramagnetic metal ion in
their samples. These results have significance for future NMR studies of
biological molecules in aqueous solution.

Proposed Course of Project :

a. Calculation of percentage enrichment of ^C in the amino acids will be
carried out to determine if the carbon isotope effect is the same as that
determined previously (W. J. Vanden Heuval, J. L. Smith and J. S. Cohen,

J. Chromatogr. Sci. 8:567 1- 70) at a lower enrichment level (15%).

i
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b. We intend to study the carbon-13 NMR spectra of the enriched amino acids
in solution to obtain values of coupling constants, which should provide
information on the conformation. We also intend to study the binding to

L-amino acid oxidase (prepared by Dr. Hayes).

C. We intend having model linear and cyclic peptides and peptide hormones
synthesized containing selected -'^C and -^-'N enriched amino acids. These
studies will include observation of RNase S-peptide (residues 1-20) bind-
ing to S-protein, as a model for peptide protein interactions. Eventual
studies are hoped to include peptide hormone receptor binding studies.

Keyword Descriptors:

13
Nuclear magnetic resonance, carbon conformation of proteins and pep-

tides.

Publications :

Chaiken, I. M. , Cohen, J. S., and Sokoloski, E. : Micro-environment of His 12
in Ribonuclease S as Detected by •'--^C NMR. J. Am. Chem. Soc. 96:4703-4705,
1975.

Cohen, J. S., Bradley, R. B., and Clem, T. R. : The pH-Dependence of the ^^C
Spin-Lattice Relaxation Rate of the Carboxyl Carbon of Acetic Acid. J. Am.
Chem. Soc . 97:908-909, 1975.

Quirt, A. R., Lyerla, J. R. , Peat, I. R. , Cohen, J. S., Reynolds, W. R. and
Freedman, M. H. : Carbon-13 NMR Titration Shifts in Amino Acids, J. Am. Chem .

Soc. 96:570-574, 1974.
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Project No. ZOl HD 00034-02 RR

1. Reproduction Research Branch
2. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 74 through June 30, 19 75

Project Title: Binding Studies of Ligand or Hormones using IMR.

Previous Serial Number: RPL-14

Principal Investigator: J. S. Cohen

Cooperating Units: H. Shindo ; John Driscoll and Li-Ming Twan Moh,

Detection and Diagnosis Branch, NCI; and

D. Cooney , Laboratory of Toxicology, NCI

Man Years

:

Total: 0.2
Professional: 0.2

Other:

Project Description:

Objectives :

1. To study the binding properties of ligands and hormones to protein sites

in solution, mainly utilizing the high resolution and dynamic character-
istics of Mi&.

Major Findings :

Carbon-13 NMR spectra of the penta-peptide, pepstatin, have been obtained
at several operating frequencies (15, 25, 55 and 68 MHz). These provide a

useful test of the value of higher field resolution in carbon-13 NMR spectro-
scopy. Analysis of the spectrra to assign all the carbon atoms is being carried
out, and will utilize the simulation program for peptide carbon-13 IW'IR spectra
previously set up in the PDP 10 computer.

Carbon-13 NMR spectra of some well-known steroids and an unknown prepared
by G. Pepe (PRE, NICHD) from the urine of pregnant baboons, were run by Dr.

Shindo as an aid in identification. The partial results, together with some
prior proton NMR studies of the two steroid methyl groups, indicated a 6 3

hydroxy structure.

Studies are being conducted (by Dr. Hayes) of the spin-lattice relaxation
time (T]^) of amino acid protons on binding to purified snake venom L-amino acid
oxidase. The a-proton of glycine, which is only very slowly oxidized, shows a
significant reduction of T]^ on binding.

i

A reversibly inactivated form of the enzyme is also being studied. Simi-
larly the binding of NAD"*" to a fragment (A) of diphtheria toxin is being carriei
/-M1^

'
out
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Proposed Course of Project :

a. It is intended to study the binding of pepstatin to pepsin, as a further
more accessible example of peptide-protein interactions. This may be dif-
ficult due to the limited solubility of pepstatin in aqueous medium, and
it may be necessary to use alcoholic solutions.

b. The extension of studies of the aspartic acid-asparagine solution have been
delayed, mainly by the departure of Dr. Twan-Moh. We intend to use carbon-
13 NMR in an attempt to confirm the findings by proton NMR.

Keyword Descriptors:

Nuclear magnetic resonance; binding: ligand or inhibitor; peptide hor-
mone binding.

Publications :

Alazard, R. , Cohen, P., Cohen, J.S., and Griffin, J.H. : Interactions of Bovine
Neurophysin II with Oxytocin and (8-Lysine) Vasopressin. J. Biol. Chem . 249:

6895-6900, 1974.

Cohen, P., Cohen, J. S., and Griffin, J.H.: Physico-chemical Studies of
Bovine Neurophysins-Neurohypophyseal Hormone Interactions. Ann. N.Y. Acad .

Sci . 248:463-479, 1975.

Griffin, J. H. , Cohen, J. S., and Gamier, M. : Drug-Biomolecule Interactions:
Magnetic Resonance Studies of Complex Formation between Bovine Neurophysins
and Oxytocin. J. Pharm. Sci. 64:507-511, 1975.
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2. Section on Molecular Structure
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 197^ through June 30, 1975

Project Title: Analysis, Synthesis, and Structure-Function Relationship
of Biologically Active Molecules.

Previous Serial Number

:

Principal Investigator:

Other Investigators:

Cooperating Units:

HD-RRB 7, 9, 10

E. Gross

J. H. Brown, H. C. Chen, C. Fisk, P. Fleckenstein,
L. J. Lin, S. Matsuura, J. L. Morell, S. Nanno

,

K. Noda.

P. B. Chock, Laboratory of Chemistry, NHLI.
Drug Development Branch, NCI.

H. Habermehl, University of Darmstadt, Darmstadt,
Germany

G. Jung, University of Tubingen, Tubingen, Germany
Laboratory of Physical Biology, NIAMDD
P. Lauger, University of Constance, Constance
Germany

Pharmaceutical Development Service, Pharmacy
Department, Clinical Center.

Rockefeller University, New York, New York.

Section on Experimental Atherosclerosis, NHLI.
Systems Maintenance Section DRS-BEI, DCRT
University of Padova, Padova, Italy.

Man Years

:

Total: 81|/12

Professional: 8i^/l2

Others:

Project Description:

Objectives

:

Structural elucidation of peptides (a) containing ci,g-unsaturated amino
acids and lanthionines , (b) affecting neonatal and neoplastic tissue, (c)

showing alternating configurational differences.

Solid phase and solution type synthesis of: (a) nisin and nisin
fragments, (b) hormone releasing and release inhibiting factors, (c)
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hormone fragments with antigenic properties, (d) peptides with ionophoric
properties, (e) transmembrane channel forming peptides.

Physiocochemical investigation of membrane-active peptides. Chemical
modification of amino acids. Development of selective nonenzymatic methods
for the cleavage of peptide bonds.

Isolation and characterization of subcellular constituents, primarily
lysosomes, from developing tissue; characterization of constituents found
in membranes from developing tissue.

Correlation of the function of lysosomal hydrolases in developing
tissue under normal and pathological conditions.

Investigation of the in_ vivo and in vitro effect of peptides with a,g-
unsaturated amino acids on lysosomes from different tissue sources.

Development of novel approaches to the synthesis of biologically
interesting peptides.

Design, development, and implementation of new techniques and instru-
mentation in amino acid analysis and peptide synthesis.

Methods Employed :

Enzymatic and nonenzymatic methods of peptide and protein fragmentation;
high energy radiation techniques; photochemical techniques; advanced separa-
tion and analytical techniques: chromatography, electrophoresis, counter-cur-
rent and counter double current distribution, automatic sample application in

amino acid analysis, electronic equipment in data acquisition and processing;
spectral techniques: UV, IR, and spectroscopy in the visible range; circular
dichroism (CD); Raman spectroscopy; nuclear magnetic resonance (NMR); elect-
ron spin resonance measurements; mass spectroscopy; X-ray analytical techni-
ques; atomic absorption analysis; conventional and solid phase methods of

peptide synthesis; radiolabeling of synthetic compounds; animal experiments
and bioassays in the biological evaluation of the synthetic products; radio-

immunoassays in screening procedures; microbial culturing techniques; techni-

ques for the histochemical tissue and tissue constituent characterization;

ultracentrifugation; zonal centrifugation; carrier-free electrophoresis;

techniques of enzyme analysis; fluorescence and electron microscopy; dia-

lysis; ultrafiltration techniques.

Major Findings :

Nisin: Lysinoalanine is chemically introduced in nisin and nisin frag-

ments. Lysionalanine is a constituent of alkali-treated proteins intended
for human consumption. Lysionalanine is not normally found in proteins

consumed by man; its physiological effects warrant close surveillance.
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The Purification of Nisin on a large scale and its enzymatic fragmenta-

tion provided new and smaller fragments than previous ones for biological

investigation, particularly for studies related to their effect on neonatal

tissue.

The Chemical Synthesis of Nisin proceeded along the following lines

:

starting materials and intermediates for rings A, B, and C of nisin have

been prepared. Once completed, rings A, B, and C are to be condensed to

the synthetic counterparts of the H2N-terminal fragments of nisin, both of

which induce fetal resorption.

The vinyl protons of N-acetyldehydroalanine are magnetically inequiva-
lent in dimethyl-dg-sulfoxide and aqueous solutions at deuterium concentra-
tions other than those at pH 2.1. In deuterated solvents there is no exchange
of deuterium with the vinyl protons of dehydroalanine indicating that N-acetyl-
dehydroalanine is present predominantly in the enamine form.

The proton magnetic resonances of the nisin fragment residues 22-29 have
been assigned inclusive of the NH-resonances. An interpretation of the con-
formation of this fragment of nisin is now possible.

The Z-conformation is assigned to the dehydrobutyrine residue of nisin.

Nisin and nisin fragments are capable of complexing alkali metal ions
(Na+; K+).

Subtil in : The dehydrobutyrine residue in subtilin is of the Z-conforma-
tion. The 3-carbon atoms of the 3-methyllanthionine residues in subtilin are
of the L-configuration, thus extending identical features between nisin and
subtilin also in this respect.

Cinnamycin and Duramycin: The structural elucidation has advanced to the
point that the tentative structures of Figure 1 may be written, the two mole-
cules thus presenting themselves as heterodetic tetracyclic peptides.

Gramicidins A, B, and C : Fast-reaction measurements show identical ion-
transport properties for the synthetic and natural products. Minor differ-
ences in ion-transport properties exist between the synthetic and natural
gramicidins A, B, and C. These differences are attributable to the varia-
tions in amino acid compositions and the resulting deviations from identity
in conformation among the gramicidins.

The cleavage of the aminoacyl bond of S-methyl-cysteine with cyanogen
bromide has been further improved and is now generally applicable to peptide
and protein fragmentation.

The Y-methylthiobutyryl group protects functional groups in peptide
synthesis. It is readily removable under the mild conditions of the
cyanogen bromide reaction.
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The Dehydroalanine Resin Technique for the solid phase synthesis of pep-
tide amides continued to provide thyrotropin releasing hormone (TRH) for

clinical applications. A series of additional tert-buytl-oxycarbonyl amino-
acyl dehydroalanines has been synthesized and characterized for application
to the synthesis of peptide amide via dehydroalanine resins.

The conversion of dehydroalanine to amide and ketoacid is also applicable
to the synthesis of amides in endo-positions. Additional model peptides and
peptide amides have been obtained in excellent yield.

The automated sample applicators for amino acids have been modified and
improved. Operating on a 24-hour basis, k-6 amino acid analyses are per-
formed, depending on the program employed. This facilitates greatly the amino
acid analysis of nisin, subtilin, cinnamycin, and duramycin which require
special conditions of column operation and adaptation to the presence of
rarely encountered amino acids, such as hydroxyaspartic acid and lysinoalanine
in cinnamycin and duramycin.

Amino acid analyses of samples of limited supply are now possible on an
instrument with electronic signal amplification. Amino acids are detected
and detennined at levels of less than one nanomole.

Total nijmber of amino acids analyses perfonned on instruments of the

Section on Molecular Structure: 1373.

Significance to Biomedical Research and the Program of the Institute :

Knowledge of subtle details of the structures of peptides, such as nisin,
subtilin, and the gramicidins A, B, and C is a prerequisite for the under-
standing of their mode of action on biomembranes and their effects on intra-
uterine development. The working hypothesis, on the basis of which these
peptides were entered into studies of fetal resorption, calls for the addi-
tion of essential sulfhydryl groups across the constituent a,3-unsaturated
amino acids. This reversible reaction is likely to be linked to other
components of physiological significance, for instance amides and ketoacids.
The former are the unique terminating element of peptides which are of im-
portance in developmental physiology and/or fertility regulating processes.

All known hormone releasing factors of peptide structure and many other
biologically important peptides carry the amide function in the COOH-terminal
position, possibly for reasons of delayed degradation in the physiological
environment. The application of a,3-unsaturated amino acids to the generation
of COOH-terminal amides and their utility as carriers for peptides on solid
supports grew from the structural work with peptides with dehydroalanine and
dehydrobytyrine (nisin, subtilin, etc.).

In the solid phase synthesis via dehydroalanine resins the conversion of
a,3-unsaturated amino acids to amides (and ketoacids) proceeds under mildly
acidic conditions with the simultaneous release of the peptide amide from the
support. Hormone releasing factors synthesized via this method display the
full biological activity of the native counterparts and/or better biological
properties than products derived via different synthetic routes. The method
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is flexible and adaptable to many needs of the incorporation of essential
amide functions in endo-positions and the multiple synthesis of peptide
amides from single peptide chains. Certain hormone releasing factors and/or
hormone release-inhibiting factors are focal points of interest with regard
to their potential in fertility regulation.

The regulatory mechanisms operative at many stages of intrauterine
development are not fully understood. Studies with substances of novel types
of structures will serve to: (l) identify physiological processes that con-
tribute to the normal course of pregnancy, (2) detect undesirable metabo-
lites which affect gestation adversely, and (3) offer chemotherapeutic ap-
proaches to fertility regulation.

Lysosomes are of central significance throughout the life cycle of the
cell. The hydrolases present in the organelle perform numerous important
functions under normal and abnormal conditions. Profoiind events of the re-
production depend on the availability of lysosomal enzymes. Investigations
of lysosomes in cells from different organs of the maternal as well as the
fetal organism will contribute to a better understanding of the role of this
organelle during development.

The homogeneity of essential amino acid solutions is of vital importance
to the patient dependent upon hyperalimentation.

Proposed Course of Project :

Develop and apply nonenzymatic methods to the structural elucidation of

peptides and proteins: selective oxidants (tryptophan); selective suppression
of the cleavage of methionyl peptide bonds upon treatment with cyanogen

bromide; fragmentation of reduced and S-alkylated peptides and proteins;

fragmentation of peptides and proteins subsequent to mercaptan at aspartic
acid residues after esterification and reduction to homoserine.

Structural elucidation and structural correlation of cinnamycin and

duramycin. Investigation of phylongenetic aspects of the structiire of

peptides with xi,B-unsaturated amino acids and lanthionines (nisin and

subtilin. Preparation of peptides from natural sources and by chemical

synthesis for screening purposes to establish inhibitory effects on fetal

growth . Screening of substances with fetal resorption inducing properties.

Synthesis of analogs of gramicidin A, B, and C; synthesis of radiolabeled

gramicidins; synthesis of nisin, fragments of nisin, and analogs of these

peptides with and without radioactive amino acids; synthesis of hormone-

releasing and hormone-release inhibiting factors; synthesis of subtilin,

fragments of subtilin, and analogs of the parent molecule and its partial

structures; development and improvement of techniques of peptide synthesis;

synthesis of fragments of human chorionic gonadotropin for the early immu-

nological pregnancy and tumor diagnosis; development of protecting groups for

peptide synthesis based on thioether and a,6-'ansaturated amino acids.

Nuclear Magnetic Resonance studies on nisin, nisin fragments, and the

gramicidins A, B, and C. Broadly based spectral studies of the interactions
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of these peptides with cellular and subcellular constituents isolated from

developing tissue, e.g., lysosomes from human placenta of different gesta-

tional age. Extension of these studies to synthetic peptides of the same

structural characteristics, however, specifically labeled with various

isotopes (tritium, carbon-13, sulfur-35).

Ion binding, complexing, and transport studies with the above peptides

on synthetic membranes of known composition and on well characterized biomem-

branes. X-ray analytical and circular dichroism studies on membrane-active

peptides. Fast reaction measurements on ion-transporting peptides.

Improvement of techniques for the isolation of lysosomes from developing

tissue; isolation and characterization of lysosomal enzymes and other protein
constituents from the organelle; elucidation of the structure and fxinction of

the lysosomal membrane; study of lysosomes under normal and abnormal condi-
tions; investigation of the effect of low molecular weight peptides and pro-
teins on the lysosomal membrane; correlation of the structure of membrane-
active compounds with structural features of the lysosomal membrane; investi-
gation of the enzyme content of human placental lysosomes at various stages
of gestation.

Refinement of design features of the automated applicators for amino
acid analysis; application of computer, feedback, and process control to
laboratory automation in protein chemistry. Increase of sensitivity in amino
acid analysis by (a) colorimeter modification inclusive of constant tempera-
ture accomodation; (b) the use of ionexchange columns of lower diameter, and
(c) modifications in reagents and buffers and their adequate accommodation.

Honors and Awards E. Gross

American Chemical Society Meeting, Division of Agriculture and Food Chemistry,
Atlantic City, New Jersey, September 9, 197^>

Department of Biophysics, University of Alabama, Birmingham, Alabama,
March 28, 1975-

Department of Medicinal Chemistry, State University of New York at Buffalo,
Buffalo, New York, May 20, 1975.

The Chemical Society of Austria, Vienna Austria, May 26, 1975.

Czechoslovak Academy of Sciences, Bratislava, Czechoslovakia, May 29, 1975.

Fourth American Peptide Symposium. Scientific Program in Tribute to the late
Dr. Lyman C. Craig, New York, New York, June 1, 1975.
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PuTslications

Boime, I., Corash, L. , and Gross, E. : Protein synthesis in cell-free extracts
derived from first and third trimester human placenta. Pediat . Res . 8_:770-

11k, I9lh.

Corash, L. and Gross, E. : Subcellular constituents of human placenta, II.

Isolation and density distribution, of lysosomes from first trimester tissue.

Pediat . Res . Q:llh-lQ2, 19lk.

Corash, L. M. , Piomelli, S. , Chen, H. C. , Seaman, C. and Gross, E.

:

Separation of erythrocytes according to age on a simplified density gradient.

J. Lab . Clin . Med . 8I^:li+7-151, 197^+.

Gross, E. and Morelli, J. L. : The reaction of cyanogen bromide with S-methyl-
cysteine: Fragmentation of the peptide lk-29 of bovine pancreatic ribonu-
clease A. Biochem . Biophys . Res . Commun . ^:llU5-1150, 197^-
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NICHD ANNUAL REPORT
July 1, IS?'* through June 30, 1975

Pregnancy Research Branch

SUMMARY

The Pregnancy Research Branch has pursued its mission by investigating certain
aspects of biochemistry and physiology in normal and abnormal mammalian
pregnancy. No human research is performed. The animal models of human
pregnancy which are used include the pregnant Rhesus monkey (Macaca mulatta),
the pregnant baboon (Papio papio), and the pregnant Dorset sheep. The fact
that data obtained from these preparations equates to that which has been in-

creasingly available from human pregnancy strengthens and supports the belief
that extrapolation from these animal models is pertinent to comments about
human pregnancy.

There are two main sections in the branch. The Perinatal Biochemistry Section
has devoted itself entirely to steroid hormone biochemistry in pregnancy and
continues to evaluate and use the baboon as a model for such studies. There
is a variety of direct and indirect evidence implicating steroid hormones in

pregnancy maintenance, fetal maturation, and the onset of parturition. In

addition, assays of steroid levels in maternal body fluids are frequently used
clinically for monitoring fetal -placental status in high risk human pregnancy.
The relative importance of circulating precursor available in regulating
placental estrogen synthesis continues to be a primary thrust of this group.
A recent direction has been the effects on estrogen synthesis by varying
maternal and fetal adrenal estrogen precursors (dehydroepiandros terone) and
its sulfate production by various manipulations of either the baboon fetus or
mother. We conclude from these studies that dehydroepiandrosterone is pref-
erentially used over its sulfate for placental estrogen production and that
any rapid changes in estrogen synthesis may most likely result from increasing
the availability of dehydroepiandrosterone rather than its sulfate. Further
evaluation of the temporal relationship between these precursors and
estradiol -1 73 are necessary with the eventual hopes that placental reserve and
placental-fetal status can be evaluated by appropriate challenges.

The role of trophoblastic cell enzymes in this differential utilization of
conjugated and unconjugated circulating estrogen precursors by pregnant
baboons (and pregnant women) has been examined by looking at a cloned cell

line of choriocarcinoma grown in culture. Preliminary evidence indicates that
effective sulfatase activity with respect to conjugated precursor hydrolysis
is such that the i naccessabi 1 i ty of the enzyme within the cell may limit
utilization of the conjugated precursor. In addition to sequestration it is

possible that the cyclic-AMP system may participate in estrogen formation and
this will need to be explored.

A major commitment has been made to examination of the metabolism of Cortisol
and the intercon vers ion of Cortisol and cortisone in the perinatal period of
pregnant baboons. The relationship of fetal Cortisol to lung maturation and
the onset of parturition as well as homeostatic maintenance during the

perinatal period makes these studies critical. Further, the production of

Cortisol during pregnancy is probably related to that of estrogen precursors
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and therefore fits in with the general thrust of this laboratory. We have
determined that neither the metabolic clearance rate of cortisone or Cortisol
is altered by pregnancy despite an elevation in Cortisol binding globulin
concentrations. The conversion of cortisone to Cortisol is increased in
pregnancy but it is not apparent whether this is related to the fetal adrenal
capacity to produce Cortisol from immediate or more distant potential precursors.
It is important to recognize that other factors in addition to Cortisol binding
globulin regulate Cortisol clearance in this species.

it is possible that elevated Cortisol binding globulin in baboon pregnancy may
regulate the clearance of other steroid hormones, notably progesterone.

The interactions in the intact animal between progesterone and Cortisol as well
as the binding protein need to be examined. We now have an accurate radio-
immunoassay for serum progesterone. This assay will now allow us to determine
maternal serum progesterone concentrations during baboon gestation and to
determine the metabolic clearance rate and blood production rate of progesterone
during baboon pregnancy. There is a decided lack of information on those
factors which regulate progesterone production by the placenta, and even
possibly the ovary, during mid and late primate gestation. The role of
progesterone in maintenance of pregnancy and its function in the onset of
parturition still remain to be defined although there are some attractive
hypotheses indicating its importance. We believe that the availability now of
reliable evaluations of progesterone blood levels and therefore calculated
production rates are the essential prerequisites for us to use the baboon model
in progesterone studies.

The Perinatal Physiology Section of the branch concerns itself both with the

endocrine physiology that pertains in pregnancy between mother, fetus, and
placenta as well as more recently and more intensively the cardiovascular
dynamics on either side of the placenta. The group has markedly enhanced its

ability to surgically manipulate the pregnant sheep by applying both electro-
magnetic flow probe transducers and multiple cannulations of vessels while
still obtaining a prolonged chronic preparation. The latter allows examination

of both the mother and fetus in a nonstressed nonanesthetized homeostatic

condition. The attainment of these considerable research skills has been a

major advance which places the branch in the forefront of this type of research.

Using this preparation, we have examined the effects of maternal hyperthermia

on maternal fetal cardiovascular dynamics. Hyperthermia separated from

accompanying hypercapnia does result in a significant decrease in uterine blood

flow. However, there is a modest increase in umbilical blood flow and the net

result is no change in fetal acid basic status. Induced hypercapnia, a

component of fetal asphyxia, is not associated with significant alterations in

uterine and umbilical blood flow until severe maternal arterial hypercapnia is

present. At that point uterine vascular resistance increases and uterine

blood flow falls. Again there is evidence that the fetus will compensate by

increasing umbilical blood flow and its arterial pressure. This study on

acute changes in blood carbon dioxide levels will have to be extended by

looking at more prolonged or intermittently occurring hypercapnia. Further,

the other isolated components of intrauterine fetal asphyxia, specifically

hypoxemia and acidemia, will be examined.
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The sheep model has also allowed us to examine the effects of some of the new

beta adrenergic anti labor drugs on uterine and umbilical circulations. These

drugs have been increasingly utilized in Europe in the active treatment of

intrauterine fetal distress and there is evidence that they will have an

important role with respect to the therapy of premature labor as well as

intrauterine asphyxia in this country. Preliminary data demonstrate that the

agents result in a significant decrease in uterine blood flow and maternal

arterial pressure frequently in association with a maternal tachycardia. The

umbilical blood flow appears to remain stable as do both maternal and fetal

arterial blood gases. It is our present belief that the sheep model will

allow us to judge each of the available preparations as increased pharmaceutical

attention is paid to this critical and essential area.

Finally, we have continued our investigations in the renin-angiotensin system

by specifically examining the contributions of both the maternal and fetal

kidneys to plasma renin activity levels in the respective circulations. it

is possible to surgically extripate either maternal or fetal kidneys and in

doing so we have now been able to determine that basal plasma renin activity
is not influenced by the levels on the other side of the placenta and that

there is no placental transfer. However, the absence of kidneys does change
the responsiveness of plasma renin activity to acute diuresis when compared
to controls. Therefore, there is an undefined relationship transmitted from
one vascular compartment to the other that will require investigation.

Monkey pregnancy has continued to provide us information applicable to

carbohydrate metabolism. Having in the past defined the responsiveness of
the primate fetal pancreatic beta cell in both normal and streptozotocin
pregnancies, we have now turned our attention to primate fetal pancreatic
alpha cell responsiveness to gl ucagonogenic stimuli. The streptozotocin
induced glucose intolerant pregnancy fetus has an unresponsive fetal alpha
cell to fetal hypoglycemia and alanine infused directly to the fetus as occurs
in the controls. This is distinctly different from the beta cell and also
does not support the conjecture that alpha cell function is a primary pathogen
in the clinical syndrome associated with glucose intolerance in primate
pregnancy. The fetal and neonatal primate pituitary responsiveness to hypo-
thalamic releasing factors has demonstrated the presence of an intact fetal
hypothalamic-pi tui tary axis in late gestation. It is possible to perturbate
prolactin concentrations in both fetal plasma and amniotic fluid in the Rhesus
monkey and this now provides a valuable animal model for further studies of
the function of prolactin in pregnancy.

Fetal lung lecithin metabolism has been extensively investigated in monkey
pregnancy through examination of amniotic fluid L/S ratios, phospholipid
concentration assays, and enzymatic assays. In normal Rhesus gestation,
fetal lung lecithin concentration, pathway I activity, and the amniotic fluid
L/S ratio all increase significantly and simulate those findings that are
presently available in the human. In the glucose intolerant pregnancy, there
is an earlier elevation in the rate of choline incorporation and an earlier
elevation of amniotic fluid L/S ratio. However, there is no change in lung
lecithin concentration and therefore these findings may be secondary to fetal
respiratory patterns and amniotic fluid volume rather than indicative of fetal
lung maturation. These studies have established a developmental biochemical
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basis for the clinical reliability of the amniotic fluid L/S ratio in predicting
respiratory distress syndrome in the primate neonate. Since we have now
identified the major pathway of lecithin synthesis, further research can be

designed to identify the normal stimuli which lead to late gestational changes
resulting in pulmonary functional maturation with an eye toward effective
therapy.

This branch was considerably strengthened by the addition of two well qualified
postdoctoral fellows in the biochemistry section. Further, two senior
obstetricians will join the branch in the beginning of the next fiscal year.
These professionals will utilize the existing space that is available to us

and will curtail our ability to do further recruiting. However, their addition
was predicated on the opening of the Perinatal Clinical Unit this spring. At

the present time, this Unit will not open. The lack of clinical human material
has halted our program on fetal-placental monitoring and has markedly and
adversely effected our attempts to pursue the investigational leads that were
obtained in our animal models. Further, it has begun to dilute our credibility
as physicians who are current in the research needs of our present day society.
It is apparent that several of the protocols described above have identifiable
application to human pregnancy. As always, several of the protocols are
oriented toward laying a firm foundation for other clinically pertinent and
applicable protocols. Some protocols are required to define normal physiology
and biochemistry to better understand the causes and effects of abnormal

pathology. The fact remains that the growth of this branch is fixed now by

the lack of clinical material. Our ability to recruit competent investigators,
our ability to ask important research questions, and our ability to maintain
perspective to health care are all in jeopardy.

Further, there are some important deficiencies that become more visible and
more destructive as the branch has grown to this point of productivity and

competence. It's true that we are excellently equipped. However, we have
been unable to attract, retain or replace within a reasonable time high quality
technical assistance because of the civil service and institutional hiring
policies, grade ceilings, and hiring freezes. The end result is an extremely
high professional-technician ratio which results in professionals performing
on a constant basis what must be considered menial tasks. Our supply of

animals has been improved and for all intents and purposes is sufficient in

both sheep and monkey species. However, it is barely adequate with regard to

baboons and baboons constitute the most important resource for an entire
section of the branch. This requires us to be very conservative in the

number of procedures that we do in order to take full advantage of the small

number of gestations and negates reasonable plans to take advantage of other
models. It is our hope that increasing contract negotiations will modify this

problem this fiscal year. There are additional problems in procurement

practices, relative lack of hoods for biochemistry work, and mechanical
engineering support which speak also to the lack of manpower as well as work-
able administrative practices and definable lines of communication and

authori ty.

Finally, the ceiling on salaries is an arbitrarily imposed hardship which can

only be considered obscene. This ceiling imposes an unnecessarily harsh burden

on the recruitment of clinicians in the perinatal area. It now imposes an
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analogous difficult problem on the retention of senior professionals. The net

effect is to demoralize through the implication of ineffectual leadership and

the connotation of inferior worth. If the branch is to continue to survive,
the resolution of this issue constitutes an essential priority.
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Project No.ZOl HD 00106-04 PRB

1. Pregnancy Research Branch
2, Perinatal Physiology Section
3- Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 197^ through June 30, 1975

Project Title: Carbohydrate Metabolism during Primate Pregnancy

Previous Serial No. HD-PR-1

Principal Investigator: Ronald A. Chez, M.D.

Other Investigators: Michael F. Epstein, M.D.; Gary K. Oakes , M.D.; Daniel H.

Mintz, M.D.; Antoinette Schenk

.

Cooperating Units: University of Miami, Miami, Florida
Division of Research Services

Man Years:

Total

:

k.O

Profess ional

:

2.8
Others: 1.2

Project Description:

Objectives :

1. To examine the responsiveness of the primate fetal pancreatic alpha

to gl ucagonogenic stimuli in normal and glucose intolerant pregnancy.

2. To determine if the newborn pancreatic alpha cell responsiveness

differs from that of the fetus.

Methods Employed :

These have been described last year and are presently described in

Project No. 00109-01.

Major Findings :

Neither induced fetal hyperglycemia nor an infusion of alanine directly

to the fetus are associated with changes in fetal plasma glucogon levels

in streptozotocin induced glucose intolerant pregnancy. These findings

are the same that are found in normal pregnancy and differ frjm the

contrasts that were found when primate fetal pancreatic beta cell

responsiveness was examined. The newborn pancreatic alpha cell is

responsive in the streptozotocin newborn to the same degree as it is in

the normal newborn.

Significance to Biomedical Research and the Program of the Institute :

Evidence continues to accumulate that the pregnant Macaca mulatta is a

consistent and reproducible model of those findings that are now being
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delineated in carbohydrate metabolism of tine pregnant human. The model

continues to permit the examination of fetal responsiveness to various

stimuli, an opportunity which is obviously not available in the human.

Proposed Course :

The absence of a chronic fetal preparation in the Rhesus monkey continues

to limit the direction of this work. However, the investment has been

considerable for the last six years and acute protocols will continue to

be applied as information which cannot be obtained in human carbohydrate
metabolism is identified. Under consideration at the present time is a

protocol directed at the use of hypoglycemic drugs in the mother during
gestation to determine the effects of these drugs on fetal betal cell

respons i veness.

Keyword Descriptors: Carbohydrate, Primate, Pregnancy

Honors and Awards: Ronald A. Chez, M.D.

The Physician's Recognition Award, AMA, 197^
Elected to American Gynecological Society, 1975
Member, Council on Resident Education in Ob/Gyn , Committee on In-Training

Examinations, 197^
NIH Medical Board - Member-at-large, 1975
Member, Committee on Annual Clinical Meeting, American College Ob/Gyn,

197^-1975, 1975-1976
Chairman, Committee on Nutrition, American College of Ob/Gyn, 1975
Invited Participant, Interdisciplinary Conference on Perinatal Intensive
Care, Bethesda, Maryland, June, 197^

Invited Speaker, Symposium on New Horizons in Neonatal Medicine, Buffalo,
New York, September, 197^

Invited Speaker, Seminar on Fetal Monitoring Theory and Technique, Cherry
Hill, New Jersey, September, 197^

Invited Speaker, Maternal and Fetal Medicine Postgraduate Course of Armed
Forces, Washington, D.C., November 197^

invited Speaker, Obstetrical Society of Philadelphia, Philadelphia, Pa.,
November, 197^

Visiting Professor, St. Francis Hospital, Hartford, Conn., November, 197^
Invited Lecturer, III International Diabetes Symposium, Funchal , Madeira,
December, 197^

Visiting Professor, Case Western Medical Center, Cleveland, Ohio, January,
1975

Invited Participant, PAS Forward Plan Strategy for Mothers and Children,
January, 1975

Invited Lecturer, The Royal College of Physicians and Surgeons of Canada,
Winnepeg, Canada, January, 1975

Invited Speaker, Seminar on Fetal Monitoring Theory and Technique, Lake
Tahoe, Nevada, February, 1975

Invited Lecturer, Catholic University, Washington, D.C., March, 1975
Ad Hoc Consultant to the National Commission for Protection of Human

Subjects, March, 1975
Invited Speaker, The Daniel Morton Society, Los Angeles, California, March,

1975
Moderator & Speaker, American Fertility Society, Los Angeles, California,

April, 1975
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Invited Speaker, American Society for Psychoprophylaxis , Washington, D.C.
,

April, 1975
Invited Speaker, Symposium on Fetal Monitoring Theory and Technique,
Lancaster, Pa., April, 1975

Member, Study Section Contract Review Committee, NICHD, April, 1975
Guest Speaker, Issues of the 20th Century, Churchill, High School, Potomac,

Maryland, April, 1975
Invited Speaker, Council on Resident Education in Ob/Gyn, Boston, Mass.,
May, 1975

Symposium Moderator, American College of Obstetrics and Gynecology, Boston,
Mass. , May, 1975

Symposium Moderator, Contemporary Ob/Gyn, New York, New York, June, 1975
Visiting Professor, University of Toronto, June, 1975

Publ ications:

Chez, R.A.: The Development and Function of the Human Endocrine Pancreas.
In Jaffe (Ed.): The Endocrine Milieu of Pregnancy, Puerperium and Childhood

,

Ross Laboratories'^ 197^*.

Chez, R.A. , and Mintz, D.H.: A Monkey Model of Human Pregnancy Complicated
by Glucose Intolerance. In Proc . 8th Congress of Int'l Diabetes Fed .,

Brussels, Belgium
,
Excerpta Medica , 197^, pp. ^68-473, 197^.

Gluck, L. , Chez, R.A. , Kulovich, M.V., Hutchinson, D.L., and Niemann, W.H.:

Comparison of Phospholipid Indicators of Fetal Lung Maturity in Amniotic
Fluid of Monkey (Macaca mulatta) and Baboon (Papio papio). Amer. J. Obstet .

& Gynecol . 120: 524, 197^.

Fleischman, A.R., and Chez, R.A. : A Chair for the Chronic Study of the

Pregnant Baboon. J. Med. Primatology . 3: 259-264, 1974.

Reynolds, A., Chez, R.A. , Bhuyan, B.K. , and Neil, G.L.: Placental Transfer
of Streptozotocin in the Rhesus Monkey. Diabetes 23: 777-782, 1974.

Chez, R.A. , Mintz, D.H., and Hutchinson, D.L.: Gastric Glucose Tolerance
in the Third Trimester Monkey Fetus. Amer. J. Obstet. Gynecol . 120: 553-556,

1974.

Chez, R.A., Mintz, D.H., Reynolds, A., and Hutchinson, D.L.: Maternal-

Fetal Plasma Glucose Relationships in Late Monkey Pregnancy. Ame r . J

.

Obstet. Gynecol . 121: 938-941, 1975.

Chez, R.A. , Mintz, D.H., Epstein, M.F., Fleischman, A.R., Oakes, G.K., and

Hutchinson, D.L.: Glucagon Metabolism in Nonhuman Primate Pregnancy. Amer .

J. Obstet. Gynecol . 120: 69O-696, 1974.

Roux, J.F., Chez, R.A. , and Yoshioka, T. : In Cheek, D.B. (Ed.): Fetal and

Postnatal Cellular Growth--The Role of Hormones and Nutrition
,
New Jersey,

John Wiley & Sons, 1975.

Sabbagga, R.E., Turner, J.H., and Chez, R.A. : Sonar BPD Growth Standards

in the Rhesus Monkey. Amer. J. Obstet. Gynecol . 121: 371-374, 1975.
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Fleischman, A.R., Oakes, G.K. , Epstein, M.F., Catt, K.J., and Chez, R.A.:
Plasma Renin Activity During Ovine Pregnancy. Amer. J. Phys iol . 228: 901-

90^, 1975.

Fleischman, A.R., Lerman, S. , Oakes , G.K. , Epstein, M.F., Chez, R.A. , and
Mintz, D.H.: Perinatal Primate Parathyroid Hormone Metabolism. Biol . Neo-
nate . 27: kO-hS, 1975.

Quintero, M.J., and Chez, R.A.: Ophthalmologi cal Examination of Nonhuman
Primate with Streptozotoci n Induced Glucose Intolerance. In Moor-Jankowski

,

J. (Ed): Medical Primatology
, 1975, (In Press).

Andrews, B.F., Apgar, V., Chez, R.A. , Freeman, M.G., Gluck, L. , Queenan,
J.T., and Warrick, L.: Priority Care for the Newborn. Patient Care . 8:

72-76, 197^.

Chez, R.A., Callari, E. , and Branch, B.N.: Menstrual Regulation/Vacuum
Abortion: A Valid Distinction? Contraception . 9: 643-649, 197^.

Oakes, G.K. , and Chez, R.A.: Nutrition During Pregnancy with Particular
Emphasis on the Overweight and Underweight Patient. Contemp. Ob/Gyn . k:

147-150, 1974.

Chez, R.A.: Audiovisual Learning Aids in Human Sexuality. Human Sexual i ty .

8: 66-85, 1974.

Chez, R.A. , and O'Gorman, D.J.: Evaluation of an Audiovisual Carrel-Tutorial
Course in Clinical Medicine. Medizinische Welt . 25: 2171-2174, 1974.

Pitkin, R.M. , Chesley, L.C., Chez, R.A. , Kaminetzky, H.A. , Newton, M. , and

Pritchard, J. A.: Nutrition and Maternal Health Care. Amer. Col 1 . Ob/Gyn .

1974.

Chez, R.A.: Coital Vaginal Sensation. Human Sexual i ty . 8: 32, 1974.

Oakes, G.K., Chez, R.A. , and Morelli, I.C.: Physiological Changes of Normal

Pregnancy as Contrasted to Toxemia. Amer. J. Nursing
, 1975, (in Press).

Chez, R.A. , Haire, D.
,
Quilligan, E.J., Wingate, M.B., Iffy, L. , and Rakoff,

A.: Status Controversies and Future of Obstetrical Care. In Fogarty
Int'l Center Proceedings No. 22 , U.S. Gov. Printing Office, 1975 (In Press)

.

Chez, R.A., Filer, Jr., L.J., Kitay, D.Z., McGanity, W.J., Pitkin, R.M.

,

and Reynolds, W.A.: Nutrition and the Pregnant Patient. Contemp. Ob/Gyn .

5: 110-146, 1975.

524



Project No. ZOl HP 00107-03 PRB

1. Pregnancy Research Branch
2. Perinatal Biochemistry-

Section
3. Bethesda, Md

.

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Regulation of Estrogen Synthesis in Pregnant Baboons

Previous Serial Number: HD-PR-2

Principal Investigator: John D. Townsley, Ph.D.

Other Investigators: Ronald Boardley

Cooperating Units: Primate Research Unit, Veterinary Resources Branch, DRS

Man Years

:

Total: 1.25
Professional: 1.0

Other: 0.25

Project Description:

Objectives :

To determine the relative importance of circulating precursor avail-
ability and placental biosynthetic capacity in regulating estrogen
synthesis invivo.

Methods Employed :

In the pregnant baboon, urinary estrone excretion provides a useful
indication of changes in estrogen production resulting from experimental
manipulations. Availability of maternal circulating estrogen precursors
was altered directly by IV administration of exogenous substrate or

indirectly by altering ACTH levels. Urinary estrone was determined by
a radioimmunoassay developed in this laboratory.

Major Findings:
Suppression of maternal and fetal adrenal estrogen precursors (dehydro-

epiandrosterone (D) and its sulfate (DS)) production by betamethasone
administration decreased urinary estrogen excretion. Increasing
maternal DS availability directly by IV administration of DS to normal

and betamethasone-treated pregnant animals failed to increase estrogen
production. In contrast, IV administration of unconjugated D consis-
tently increased estrogen production in both normal and betamethasone
treated animals. Administration of metyrapone, which is presumed to

increase both maternal and fetal D/DS production by inhibiting Cortisol

synthesis consistently increased estrogen production. ACTH administration
to the mother resulted in variable responses, possibly the result of
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suppression of fetal adrenal function by maternally produced Cortisol.

It is concluded that D is preferentially used over DS for placental

estrogen production and variations in DS availability do not lead to

marked changes in estrogen production. Rapid increases in estrogen
synthesis, for example, as we have found close to term, may result from
increasing availability of D rather than DS. The variable changes in

urinary estrogen to ACTH and the increase in urinary estrogen following
metyrapone are compatible with significant fetal contributions of estro-
gen precursors, the production of which is under fetal ACTH control

Significance to Biomedical Research and the Program of the Institute :

Because of the widespread utilization of estrogen assays to monitor

f eto-placental status and the apparent importance of such hormones in

maintaining pregnancy and in the onset of parturition an understanding
of the mechanism controlling their synthesis and metabolism is essential
for definitive resolution of many problems of reproductive failure. Our
approaches provide fundamental knowledge of these processes which will
ultimately be of use to the clinician. Elucidation of controlling
mechanisms will require manipulative procedures in both mother and fetus,
which are precluded in humans. An adequate animal model must be found
to do this and our studies show that the baboon offers great promise
for this purpose.

Proposed Course :

We will assess the physiological importance of our finding that D is a

more readily acceptable estrogen precursor than DS, suggesting that var-
iations in D availability may be more important than those of DS in

regulating estrogen production. The temporal relationship between
circulating D, DS , and estradiol-17B in pregnant baboons will be deter-
mined using radioimmunoassay procedures. Better correlation between
serum levels of D and estradiol-17B than between DS and estradiol-17B
would support our suggestion. Our previous finding in pregnant women
of a circadian rhythm in serum estradiol -17B corresponding to that
reported for free, but not conjugated D indicates that such a situation
may be operative in humans. D is thought to arise by both adrenal
secretion and peripheral hydrolysis of circulating DS. The relative
contribution of these sources in baboons is unknown. We propose to use
a double radioisotope constant infusion design to determine the contri-
bution of circulating DS to D, D to DS and their contributions to
estradiol-17B. This will enable us to estimate the extent to which
estradiol-17B is formed: a) from D§ via D as a circulating (as opposed
to intraplacental) intermediate, b) from secreted D, and c) directly
from DS without circulating D serving as a discrete intermediate. There
is evidence from this and other laboratories that in humans, fetal
estrogen precursors are more readily utilized than those from the maternal
circulation. ^^fe propose to explore this and determine the influence on
estrogen production of variations in availability of fetal precursors by
manipulation of the baboon fetus in utero.

Keyword Descriptors: Estrogen, Pregnant, Baboons

Honors and Awards: None
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Publications:
Crystle, CD-, Townsley, J.D- : The Effect of Increasing Maternal Dehydro-
epiandrosterone Sulfate on Estrogen Synthesis by Pregnant Baboons. Endocr .

94:1743, 1974,

Pepe, J.G., Townsley, J.D.: Cortisol Metabolism in Female Baboons (Papio

papio). Endocr . 95:1658, 1974.

Townsley, J.D. : Estrogen Excretion of the Pregnant Baboon. Endocr . 95:1759,
1974.

Pepe, J.G., Townsley, J.D. : Cortisol Metabolism in the Baboon during
Pregnancy and the Postpartum Period. Endocr . 96:587, 1975.

Townsley, J.D. : Inhibition of Placental 3B-Hydroxysteroid Dehydrogenase by

Naturally Occurring Steroids: A Potential Mechanism Regulating Estrogen
Synthesis from Unconjugated Precursors. Acta Endocr. , 1975. (In Press).
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Project No.ZQ] HP 00)08-01 PRB

1. Pregnancy Research Branch
2. Perinatal Physiology-

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 197^+ through June 30, 1975

Project Title: Fetal Lung Lecithin Metabolism and its Relationship to

Amniotic Fluid in Primate Pregnancy

Previous Serial Number: None

Principal Investigator: Michael F. Epstein, M.D.

Other Investigators: Ronald A. Chez, M.D. ; Philip M. Farrell, M.D. , Mary Jo
Sutherland, B.S.; Margaret McLaughlin, M.S.; Ed Conley,

Jan W. Willison

Cooperating Units: Neonatal and Pediatric Medicine Branch, NICHD;
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Man Years :

Total: 4.0
Professional: 2.8
Others: 1.2

Project Description:

Objectives :

1. To evaluate the gestational changes in fetal lung lecithin metabo-
lism and their relationship to the amniotic fluid L/S ratio in

nonhuman primate pregnancies--both normal and glucose intolerant.

Methods Employed :

Amniotic fluid (AF) is obtained by percutaneous abdominal amniocentesis
or at the time of surgical delivery. Phospholipids are extracted and

then separated by thin layer chromatography. A densitometer is used to

determine the ratio of lecithin to sphingomyelin (L/S ratio).

The L/S ratio was correlated with the activities of the two pathways of

de novo fetal lung lecithin synthesis (choline incorporation; pathway

I, and phosphatidylethanolamine methylation, pathway II ) as measured
in an in vitro lung slice incubation and with fetal lung lecithin con-

is14rcentrations. In addition, in vivo experiments in which C-choline

injected into the mother and amniotic fluid C-lecithin and the L/S
ratio were measured were carried out to evaluate the transfer relation-

ship between lung arid amniotic fluid. These studies were also done in
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STZ-treated pregnancies to determine the effect of maternal glucose
intolerance on fetal lung lecithin metabolism and its relationship to
the amniotic fluid.

Major Findings ;

1. In the normal Rhesus gestation, fetal lung lecithin concentration,
pathway I activity, and the AF L/S ratio all increase significantly
at 907o of term.

2. The AF L/S ratio correlates significantly with the rate of choline
incorporation into lecithin in the fetal lung, and thus is a valid
reflection of lung phospholipid metabolism.

3. In the glucose intolerant pregnancy, there is an earlier elevation
of the rate of choline incorporation. This results in an elevated
AF I/S ratio but no change in lung lecithin concentration when com-
pared to normals.

Significance to Biomedical Research and the Program of the Institute :

These studies have established a developmental, biochemical basis for
the clinical reliability of the amniotic fluid L/S ratio in predicting
respiratory distress syndrome in the primate neonate. The identification
of the major pathway of lecithin synthesis allows further research in

this animal model designed to identify the normal stimuli which lead to
the late gestational changes resulting in pulmonary functional maturity.

In addition, the findings in glucose intolerant pregnancies suggest that
there are specific effects of maternal glucose intolerance on fetal lung
maturation. Further study of these effects may delineate the pathogenesis
of the increased incidence of RDS in infants of diabetic mothers.

Proposed Course :

The primary investigator is leaving the branch. The techniques of in

vitro lung slice incubation and in vivo infusion of labelled precursor
remain available to study the effects of various pre- and postnatal
stresses on developing monkey lung—e.g., acidosis, malnutrition, hyper-
osmolar ity.

Keyword Descriptors: Lung Lecithin, Primate, Pregnancy

Honors and Awards: Michael F. Epstein, M.D.

Instructor, Catholic University School of Nursing

Publications:
Epstein, M.F., Farrell, P.M.: The choline Incorporation Pathway: Primary

Mechanism for De Novo Lecithin Synthesis in Fetal Primate Lung. Pediatr.

Res ., 1975, (In Press).

Epstein, M.F., Farrell, P.M., and Chez, R.A. : Lung Lecithin Synthesis in

Primates as Related to Respiratory Distress Syndrome. In Goldsmith, E.I.,

Moor-Jankowski, J. (Ed.): Advances in Medical Primatology, 1975, (In Press).

Chez, R.A., Mintz, D. , Epstein, M. , Fleischman, A., Oakes, G. ,
and Hutchinson,

D.: Glucagon Metabolism in Nonhuman Primate Pregnancy. Amer. J. Obstet. &

Gynecol . 120: 690-696, 1974.
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Fleischman, A.R. , Lerman, S., Oakes, G., Epstein, M. , Catt, K. , and Chez,

R. : Plasma Renin Activity during Ovine Pregnancy. Amer. J. Physiol . 228:

901-904, 1975.

Fleischman, A.R. , Lerman, S., Oakes, G. , Epstein, M. , Chez, R.A. , and Mintz,
D.H. : Perinatal Primate Parathyroid Hormone Metabolism. Biol. Neonate .

27: ^0-^9, 1975.

530



Project No. ZOI HP 00109-01 PRB

1. Pregnancy Research Branch
2. Perinatal Physiology

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Fetal and Neonatal Primate Pituitary Responsiveness to

Hypothalamic Releasing Factors

Previous Serial Number: None

Principal Investigator: Michael F, Epstein, M.D.

Other Investigators:

Cooperating Units:

Ronald A. Chez, M.D. ; Judith Vaitukaitis, M.D.

;

Daniel Mintz, M.D. ; Philip M. Farrell, M.D.;
Margaret McLaughlin, M.S.; Mary Jo Sutherland, B.S.;
Ed Conley

Reproduction Research Bra^^ch, NICHD;
Department of Internal Medicine, Univ. of Miami;
Veterinary Resources Branch, DRS

Man Years:

Total: 1.75
Professional: 1.00
Other: 0.75

Project Description:

Objectives :

To evaluate the capability of the Rhesus monkey fetal and neonatal
pituitary gland to:

1. Release prolactin growth hormone in response to thyrotropin
releasing factor (TRF) and L-Dopa.

2. Release luteinizing (LH) and follicle-stimulating hormone (FSH) in

response to luteinizing hormone releasing factor (LRF) ; and to

evaluate the relationships between fetal, maternal, and amniotic
fluid compartments for the above hormones.

Methods Employed :

The pregnant monkey in the final 107o of gestation undergoes laparotomy
under general anesthesia. A T-tube catheter is inserted into the fetal
circulation allowing injection of releasing factors and fetal blood
sampling while maintaining the anatomic integrity of the amniotic sac

and fetal and maternal circulations.
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After a period of equilibration, either TRF, L-Dopa, both TRF and
L-Dopa, or LRF is injected into the fetal circulation. Maternal blood,
fetal blood, and amniotic fluid are sampled over the next 45 minutes.
The fetus is delivered and resuscitated, and when possible, the

experiment is repeated in the neonate at 4-6 hours of life using an

umbilical artery catheter.

Concentrations of prolactin, growth hormone, LH and FSH are determined
by radioimmunoassay.

Major Findings :

Changes in fetal and neonatal plasma prolactin in response to TRF and

L-Dopa are similar to those seen in the adult Rhesus,

1. TRF leads to an increased plasma prolactin content and L-Dopa
leads to a decreased plasma prolactin concentration.

2. Unlike the neonate and adult, the fetal plasma GH is unchanged
after the injection of L-Dopa.

3. FSH was not assayable in either male or female fetal plasma

either before or after LRF injection. (LH results are not yet

available)

Significance to Biomedical Research and the Program of the Institute :

These studies have established the presence of an intact hypothalmic-
pituitary axis in the late gestational nonhuman primate fetus. The

presence of perturbatable plasma prolactin concentrations in the

Rhesus monkey fetus makes this a valuable animal model for studies of

the function of prolactin in the fetus and amniotic fluid.

Proposed Course :

We will attempt to obtain an assay for LH, TSH, TRF, and LRF. Further,

the use of CB-154, a prolactin inhibitor will be applied in monkey
pregnancy to define the role of prolactin.

Keyword Descriptors: Pregnancy, Primate, Releasing Factors

Honors and Awards: None

Publications: None
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Project No. ZOI HP 00110-02 PRB

1. Pregnancy Research Branch
2. Perinatal Physiology

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Thermal Regulation in Pregnant Sheep

Previous Serial Number: HD-PR-8

Principal Investigator: Gary K. Oakes, M.D.

Other Investigators: Adrian Walker, Ph.D.; Richard Ehrenkranz, M.D.

;

Ronald A. Chez, M.D. ; Margaret McLaughlin, B.S., M.S.;
Mary Jo Sutherland, B.S.; Ed Conley.

Cooperating Units: Office of the Director, National Heart and Lung
Institute

Man Years:

Total: 4.0
Professional: 2.8
Other: 1.2

Project Description:

Ob iectives :

To examine the effect of induced maternal hyperthermia on uterine and
umbilical blood flows and on maternal and fetal arterial pH, PO2 and PC02-

Methods Employed :

Accurately timed gestations in Dorset sheep are utilized. At 120-125

days of gestation (term 145 + 5 days) electromagnetic flow transducers
are placed on pertinent fetal and maternal vessels; thermisters and
catheters are placed into the maternal and fetal circulations. The
leads are exteriorized. At 48 hours postoperatively with the re-

establishment of maternal homeostasis, the animal is placed into an

enclosed chamber which allows control of ambient temperature and

humidity. A maternal temperature increase of 1,5°C over 60 minutes is

induced by increasing ambient temperature and humidity. The pertinent
blood flows and pressures are continuously recorded and both fetal and
maternal blood samples are serially collected for the appropriate
measurements.
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Major Findings :

Uterine and umbilical blood flows decreased 50% while no change

occurred in either maternal or fetal arterial pressure. A profound

fall in maternal and fetal PaC02 occured as well as an increase in pH.

With maternal PaC02 held constant by the exogenous administration of

COo, different results were noted. Uterine blood flow decreased 25°L,

but umbilical blood flow increased 107o, and there was no change in

acid-base status.

Significance to Biomedical Research and the Program of the Institute :

Hyperthermia in pregnancy appears to be more of a danger than previously

appreciated. Prolonged fever in human pregnancy might be associated
with fetal deteriorization.

Proposed Course :

Examination of the effects of chronic lowgrade fever on maternal and

fetal hemodynamics will be considered.

Keyword Descriptors: Thermal Regulation, Pregnant, Sheep

Honors and Awards: None

Publications: None
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Project No. Z01 HP 00111-03 PR B

1. Pregnancy Research Branch

2. Perinatal Physiology
Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 197^ through June 30, 1975

Project Title: Renin Angiotensin Relationships in Sheep Pregnancy

Previous Serial Number: HD-PR-7

Principal investigator: Gary K. Oakes , M.D,

Other Investigators: Kevin J. Catt, M.D., Ph.D.; Ronald A. Chez, M.D.;
Adrian Walker, Ph.D.; Margaret McLaughlin, M.S.; Mary Jo

Sutherland, B.S.; Ed Conley.

Cooperating Units: Office of the Director, National Heart & Lung Institute;

Reproduction Research Branch, NICHD

Man Years:

Total: k.O

Professional : 2.8
Others: 1.2

Project Description:

Object i ves :

1. To examine the bidirectional placental transfer of renin.

2. To study the effetts of perturbations of maternal and fetal plasma

electrolytes and volume on plasma renin activity.

Methods Employed :

Accurately timed gestations in Dorset sheep are utilized. Under ketamine

anesthesia and aseptic surgical conditions, catheters are placed into the

maternal and fetal circulations. Fetal or maternal bilateral nephrectomy
is performed. Serial plasma samples are obtained every k hours for 36

hours following surgery. Acute experiments are performed 3-1^ days

postoperatively, after the animal has recovered and is in an unstressed,

unanesthetized state. Measurements of plasma renin activity are made

utilizing radioimmunoassay techniques.

Major Findings :

With fetal nephrectomy, fetal plasma renin activity (PRA) decreases to

minimally detectable levels and maternal PRA is unchanged. Intravenous

furosemide to the mother after fetal nephrectomy produces a variable

maternal PRA response which is different from previous control animals.

No change occurs in the very low fetal PRA value. Similarly, maternal
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nephrectomy is associated with a rapid fall in maternal PRA without any
change in fetal PRA. After maternal nephrectomy, the fetal PRA response
to intravenous furosemide is more consistent than in the control animals.

Significance to Biomedical Research and the Program of the institute :

Factors and variables that regulate and influence the production and
secretion of renin in pregnancy are not known. The function of fetal

renin is also not known. Contrasted with the adult, fetal renin is not
responsible for ultimate fetal renal sodium regulation. Since the

resulting angiotensins are vasoactive, a vascular regulating role could
be present. An effect upon fetal placental blood flow would have im-

portant consequences and might affect fetal well being.

Proposed Course :

The interrelationships of maternal and fetal plasma renin activity will

be further examined by directly altering maternal and fetal serum
sodium concentration by changing diet or infusion and by interrupting
the normal renin angiotensin cycle with angiotensin II antagonists or
renin suppression by propranolol.

Keyword Descriptors: Renin, Sheep, Pregnancy

Honors and Awards: Gary K. Oakes , M.D.

Invited Speaker, Seminar on use of Laboratory Animals for Research,
Cockeysvi 1 le, Maryland, September, IS?'*-

Invited Lecturer, Catholic University, Washington, D.C., September-
December, I97A.

Invited Lecturer, American Association of Clinical Chemists Convention,
Washington, D.C., December, 197^*.

Invited Speaker, Symposium on Childbearing in Adolescence, Washington, D.C.,

March, 1975.
Invited Speaker, American Society for Psychoprophy laxi s in Obstetrics

Convention, Washington, D.C., April, 1975.

Invited Lecturer, Seminar on Fetal Monitoring Theory and Technique,
Lancaster, Pennsylvania, April, 1975.

Publ ications :

Chez, R.A. , Mintz, D. , Epstein, M. , Fleischman, A., Oakes, G. , and

Hutchinson, D. : Glucagon Metabolism in Nonhuman Primate Pregnancy. Amer .

J. Obstet. & Gynecol . 120: 69O-696, 197^.

Fleischman, A., Oakes, G. , Epstein, M. , Catt, K, , and Chez, R.: Plasma

Renin Activity during Ovine Pregnancy. Amer. J. Phys iol . 228: 901-904,

1975.

Fleischman, A.R., Lerman, S., Oakes, G., Epstein, M. , Chez, R.A. , and Mintz,

D.H.: Perinatal Primate Parathyroid Hormone Metabolism. Biol. Neonate .

27: 40-i*9, 1975.

Oakes, G.K. , and Chez, R.A.: The Assessment of Fetal Well Be'ng: An

Overview. In Young, D.S. (Ed.): Current Topics in Clinical Chemistry
,

Vol. 2, 1975, (in Press).
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Oakes, G.K., and Chez, R.A.: Nutrition During Pregnancy with Particular
Emphasis on the Overweight and Underweight Patient. Contemp. Ob/Gyn .

i(:lit7-150, 197^

Oakes, G.K., Chez, R.A., and Morelli, I .C

Normal Pregnancy as Contrasted to Toxemia

(In Press) .

Physiological Changes of
Amer. J. Nursing, 1975j
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Project No.ZQI HP 00112-01 PRB

1, Pregnancy Research Branch
2, Perinatal Physiology

Section
3, Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Effects of Hypercapnia on Uterine and Umbilical

Circulations of Conscious Pregnant Sheep

Previous Serial Number: None

Principal Investigator: Adrian Walker, Ph.D.

Other Investigators: Ronald A. Chez, M.D. ; Richard Ehrenkranz, M.D.

;

Margaret McLaughlin, M.S.; Gary Cakes, M.D.

;

Mary Jo Sutherland, B.S.; Ed Conley

Cooperating Units: Veterinary Resources Branch, DRS;

Office of the Director, NHLI

Man Years:

Total: 4.2
Professional: 3.3
Other: 0.9

Project Description:

Objectives :

1. To examine the effect of utero-placental hemodynamics of:

a. isolated fetal hypercapnia (maternal PCO 2 normal)
b. combined maternal and fetal hypercapnia

Methods Employed ;

Chronically instrumented pregnant Dorset sheep of 121-135 days
gestation (term 145 days) were used. Under ketamine anesthesia,
electromagnetic flow transducers were applied to the dominant
uterine artery and the common (intra-abdominal) umbilical vein.

Catheters were placed in a maternal artery and in a fetal artery
and vein and these along with the transducers leads were exteriorized
through a skin incision in the flank of the ewe. Experiments were
performed 2-16 days post-operation to allow complete recovery from
the surgical procedure. Isolated fetal hypercapnia was induced by
administering intravenously Acetazolamide (approximately 200 mg/kg)
to the fetus; maternal arterial PCO2 was unchanged as there is no
effective placental transfer of the drug in pharmacological amounts.
Maternal hypercapnia was induced by increasing inspired CO2 in a

maternal head bag. In these experiments, fetal arterial PCO2
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paralleled the maternal increase because of rapid placental CO

transfer. Uterine and umbilical blood flows and arterial pressures
were continuously recorded for 1% hours; arterial blood gases and pH

were measured at 15 minute intervals.

Major Findings ;

Neither isolated fetal hypercapnia (fetal arterial PCO increased
from 49 to 63 mm Hg) , nor a .similar degree of fetal hypercapnia
associated with and induced by increasing maternal arterial PCO

,

caused significant alterations in uterine or umbilical blood flow.

However, in sever hypercapnia (maternal arterial PCO greater than
65 mm Hg, fetal arterial PCO greater than 75 mm Hg) uterine vascular
resistance increased and uterine blood flow fell. The uterine blood
flow decrement was limited by a concomitant increase in maternal
arterial pressure. In the fetus, an increased umbilical blood flow
was associated with a rise in fetal arterial pressure. There was no

evidence of umbilical vasoconstriction.

Significance to Biomedical Research and the Program of the Institute :

Isolated fetal hypercapnia (maternal arterial PCO normal) can occur
as a clinical finding in human labor. Fetal hypercapnia is a
component of intra-uterine asphyxia but the effects of CO on utero-
placental blood flow are not understood. This study in the sheep
shows that acute moderate fetal hypercapnia, both isolated to the

fetus and secondary to maternal hypercapnia does not alter utero-
placental blood flow. However, severe maternal and fetal hypercapnia
constricts the uterine vascular bed and stimulates a compensatory
increase on the fetal side of placental blood flow. The effects of a

more prolonged or intermittenly occurring hypercapnia as can occur in

hvraian labor need to be investigated. It may be that hypercapnia per se

in the presence of normal fetal acid-base balance need not be considered
a nonreassuring clinical situation.

Proposed Course :

This study has characterized the effects of acute hypercapnia on
uterine and umbilical blood flow in the conscious pregnant sheep.

This model will be used to ask whether the uterine vasoconstriction and
accompanying fetal compensation are maintained in a state of chronic
maternal-fetal hypercapnia. Similarly, investigations of each of the

other isolated components of intra-uterine fetal asphyxia (hypoxemia
and acidemia) are planned so that the separate contribution of each of
the changes to the net asphyxial response can be elucidated.

Keyword Descriptors: Hypercapnia, Pregnant, Sheep

Honors and Awards: Adrian Walker, Ph.D.

Invited Lecturer, Utero-placental Blood Flow and Gas Exchange in Pregnancy,
Catholic University, Washington, D. C. , September-October, 1974.

Invited Lecturer, Physiology of the Perinatal Period, Catholic University,
Washington, D. C. , September-October, 1974.

Publications: None
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Project No. ZOI HP 00113-01 PRB

1. Pregnancy Research Branch
2. Perinatal Physiology

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: The Effect of B-Adrenergic Anti-Labor Drugs on the Uterine
and Umbilical Circulations of Pregnant Sheep

Previous Serial Number: None

Principal Investigator: Richard A. Ehrenkranz, M.D.

Other Investigators: Adrian Walker, Ph.D.; Gary K. Cakes, M.D.

;

Ronald A, Chez, M.D.; Margaret McLaughlin, M.S.;

Mary Jo Sutherland, B.S.; Ed Conley

Cooperating Units: Veterinary Resources Branch, Division of Research
Services

n Years:

Total: 4.0
Professional: 2.4

Other: 1.6

Project Description:

Ob jectives :

1. To examine the effect of certain B-adrenergic anti-labor drugs on

uterine and umbilical blood flows, and maternal and fetal heart
rates, arterial pressures, arterial blood gases, and plasma
glucose concentrations.

2. To evaluate the effect of these agents on maintenance or restora-
tion of fetal well-being.

Methods Employed :

Pregnant Dorset sheep are operated between 125-145 days gestation
(term = 145 days). Electromagnetic flow probes and catheters are
placed on/ in pertinent maternal and fetal vessels and chronic prepara-
tion (see Projac t No. Z01 HP 00112-01 ) is obtained. After a minimum
of 48 hours to allow for recovery and reestablishment of maternal and

fetal homeostasis, the test drug, ritodrine HCL, Salbutamol, or

fenoterol (Thll65a) , is infused into a peripheral maternal vein. It

is administered at either a constant dose for 2 hours or a progressively
increasing dose with step increments every 15 minutes. Physiologic
measurements are then obtained utilizing the surgically placed flow
probes and catheters.
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Manor Findings:
Preliminary data demonstrate that these agents result in a significant
decrease in uterine blood flow and maternal arterial pressure and a
significant increase in maternal heart rate. Umbilical blood flow
appears to remain stable or increase slightly with fetal arterial
pressure remaining constant, and fetal heart rate showing variable
changes. Maternal and fetal arterial blood gases remain relatively
stable and maternal-fetal plasma glucose levels increase in associa-
tion with the infusion.

Significance to Biomedical Research and the Program of the Institute ;

The increased rate of neonatal morbidity and mortality associated with
prematurity per se and fetal distress in labor have led to the current
clinical interest in the use of anti-labor drugs to inhibit uterine
activity in the treatment of threatened premature labor, acute fetal

distress in labor, and potentially ominous hyperdynamic labor.

Clinical studies in Europe have demonstrated improvement of fetal

well-being to B-adrenergic agents such as ritodrine HCL, Salbutamol,
and fenoterol with respect to the inhibition of labor and the improve-
ment of fetal acid-base status following acute intrauterine asphyxia
Our investigations are aimed at evaluating the maternal and fetal

cardiovascular responses to these drugs in the absence of labor, so as

to better understand the responses obtained during labor.

Proposed Course :

Following the completion of these studies comparing the presently
available agents on the markets, the effects of the drugs will be

evaluated in similarly prepared sheep daring induced and/or spontan-

eous labor.

Keyword Descriptors: Anti- Labor Drugs, Pregnant, Sheep

Honors and Awards: None

Publications: None
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project No. ZOI HP 00114-02 PRB

1. Pregnancy Research Branch
2. Perinatal Biochemistry-

Sect ion

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975'

Project Title: Cortisol Metabolism in the Baboon during Pregnancy

Previous Serial Number: HD-PR-11

Principal Investigator: Gerald J. Pepe, Ph.D.

Other Investigators: John D. Townsley, Ph.D.; Julie A. Titus, M.S.; Richard
Ehrenkranz, M. D.

Cooperating Units: Primate Research Unit, Veterinary Resources Branch, DRS

Man Years

:

Total: 2.80
Professional: 1.80

Other: 1.0

Project Description:

Objectives :

1. To compare the metabolism of Cortisol by newborn and postpartum
baboons.

2. To determine the metabolic clearance rates (MCR) and interconvers ion

of Cortisol (F) and cortisone (E) in pregnant and nonpregnant baboons.

Methods Employed :

C-F was administered IV to baboon neonates and their mothers 6-18 hrs

after spontaneous vaginal delivery at term. Urinary extracts were
fractionated into unconjugated, glucuronos ide, and solvolyzable
fractions and individual C metabolites isolated chromatographically
and purified by crystallization and derivative formation. CBG concen-
tration was determined by equilibrium dialysis at k°C. Metabolic
clearance rates and interconvers ion of F and E were determined by
constant infusion of differentially labelled F and E.

Major Findings :

After ^'^C-F administration to postpartum animals, the rapid rate of

excretion (607o/24 hrs), type and degree of conjugation (23% unconjugated,
31% glucuronos ide, 11% solvolyzable, 29% unextractable) , ratio of uncon-
jugated F:E, and excretion of highly polar unconjugated and glucuronoside
metabolites was similar to that in pregnant baboons. In newborns,
excretion of l^C was also rapid and was distributed: 45% unconjugated,

542



18% glucuronoside, 3% solvolyzable, and 24% unextractable. Highly
polar metabolites accounted for 80% of the unconjugated and 657o of the

glucuronoside fractions.

2
In both pregnant and nonpregnant baboons, the MCR of E (L/HR/M ) was

greater (p < 0.01) than that of F (29.6 + 7.7 vs. 12.2 + 3.9; x + S.D.).

Moreover, the % of the blood production of E converted to F was greater

(p<0.01) than the proportioft of F converted to E (68.4 + 12.5 vs. 47.1
+ 12.1). However, despite an elevation (p<0.01) in CBG concentration
in pregnancy (0.97 uM vs. 0.70 uM), MCRF was not different from values
in nonpregnant animals. By contrast, the conversion of E to F was

increased in pregnancy (p<0.01).

Significance to Biomedical Research and the Program of the Institute ;

The importance of intrauterine developmental changes which prepare the

fetus for adrenocortical self sufficiency in an extrauterine environ-
ment are not beginning to be appreciated. Fetal F may be involved in

lung maturation and the onset of parturition as well as homeostatic
maintenence during the perinatal period. The production of F during
pregnancy is probably related to that of estrogen precursors; the

importance of estrogens in pregnancy has been discussed elsewhere (see

# HD-PR-2). Elucidation of these processes is now being pursued using the

nonhuman primate Papio papio and our studies have justified the use of

this model. The changes in F metabolism induced by pregnancy are also

apparent in the immediate postpartum period. Similar, but more profound
changes occur in the newborn. Hence, metabolism in the newborn period

is an exaggeration of that seen in pregnant and postpartum animals and

is presumbaly induced by similar hormonal factors. The production of

significant amounts of unconjugated metabolites in newborns may repres-

ent an alternate pathway of metabolism in lieu of the decreased formation

of glucuronoside conjugates. In humans, similar findings have been

reported, but whether these metabolic changes result from decreased
capacity to form glucuronosides , increased capacity for hydroxylation, or

-are due to impaired reductase activity is unclear. We have shown that

two structurally related metabolites account for ^85% of the highly

polar unconjugated F metabolites excreted by newborn baboons and they are

both reduced in ring A. Therefore, the decreased formation of glucuro-

nosides in newborns is not the result of impaired reductase activity.

Since neither MCRg nor MCR„ was altered by pregnancy, despite an elevation

in CBG concentration, we conclude that the alterations in F metabolism

induced in pregnancy help maintain a constant MCRp. Therefore, other

factors in addition to CBG regulate Cortisol clearance in this species.

We feel that elevated CBG in pregnancy may be regulating the clearance

of other steroid hormones known to be increased in primate pregnancy,

notably progesterone.

Proposed Course ;

There is evidence of increasing fetal serum F with advancing gestational

age. We will assess whether this is the result of increasing capacity

of the fetal adrenal to produce F from immediate (eg. 11 -deoxycortisol)
or more distant potential precursors (eg. pregnenalone and progesterone).

In addition, we will determine the contribution of F and/or E of maternal
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origin to fetal F. There is also evidence of mechanisms maintaining a

low F:E ratio in the fetus during much of gestation. Therefore, we will
determine the ability of tissues from newborn and fetal baboons to

metabolize F and E.

Since elevated CBG may affect progestrone metabolism and clearance (See
HD-PR-4) and F is bound to CBG, we will investigate the interactions in

vivo between these two steroids and the binding protein.

Keyword Descriptors: Cortisol, Baboon, Pregnancy

Honors and Awards : None

Publications

:

Pepe, G.J. , Rothchild, I.: A Comparative Study of Serum Progesterone Levels
in Pregnancy and in Various Types of Pseudopregnancy in the Rat. Endocr.
95:275, 1974.

Rothchild, I., Pepe, G.J., Morishise, W.K. : Factors Affecting the Dependency
on LIT in the Regulation of Corpus Luteum Progesterone Secretion in the Rat.
Endocr . 95:280, 1974.

Gibori, G., Rothchild, I., Pepe, G.J. , Morishise, W.K. , and Lam, P.:

Luteotrophic Action of Decidual Tissue. Endocr . 95:1113, 1974.

Pepe, G.J. , Townsley, J.D. : Cortisol Metabolism in Female Baboons ( Papio
papio ). Endocr . 95:1658, 1974.

Pepe, G.J., Townsley, J.D. : Cortisol Metabolism in the Baboon During
Pregnancy and the Postpartum Period. Endocr. 96:587, 1975.
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Project No. ZQl HP 00115-02 PRB

1. Pregnancy Research Branch
2. Perinatal Biochemistry

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Placental Mechanisms for Regulation of Steroid Hormone
Synthesis in Primate Pregnancy

Previous Serial Number: HD-PR-9

Principal Investigator: Herman Schut, Ph.D.

Other Investigators: John D. Townsley, Ph.D.; Angela Chu, M.S.

Cooperating Units: None

Man Years:

Total: 1.50
Professional: 1.25
Other: 0.25

Project Description:

Ob jectives :

To identify the enzymatic mechanisms which potentially regulate placental
estrogen synthesis.

Methods Employed :

The metabolism and extent of estrogen formation from neutral steroid
substrates by intact and disrupted preparations of a cloned cell line
of choriocarcinoma grown in culture (Flow Laboratories, Inc.) was
determined by radioisotopic tracer methods.

Major Findings :

There is differential utilization of conjugated and unconjugated
circulating estrogen precursors by both pregnant women and pregnant
baboons (see HD-PR-2) . Our previous studies on disrupted preparations
of human term placenta revealed two potential mechanisms which may
regulate estrogen formation from conjugated and unconjugated precursors.
These involve inhibition of steroid sulfatase and 3B-hydroxys tero id
dehydrogenase by endogenous steroids. Evaluation of the significance

of these and other regulatory mechanisms require experiments with intact

cellular preparations and approaches _in vivo . Initial studies with

intact choriocarcinoma cells indicate that unconjugated dehydroepian-
drosterone (D) is .preferentially (10 fold) used over conjugated
dehydroepiandrosterone sulfate (DS) for estradiol-17B synthesis. These
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differences in utilization can be accounted for in part by selective

binding of DS by serum proteins, notably albumin, in the culture medium.

A similar phenomenon may occur _in vivo . The effective sulfatase

activity with respect to DS hydrolysis is greater in homogenized than

intact cells indicating that inaccessibility of the sulfatase within

the intact cell may limit utilization of DS. Thus, the choriocarcinoma
cells, which also produce HCG and convert pregnenolone into progesterone,
processes which may be related to estrogen production, provide a model
of intermediate complexity with which to study regulation of placental
estrogen synthesis.

Significance to Biomedical Research and the Program of the Institute ;

Estrogens appear to be important in the maintenance of pregnancy and

possibly in the onset of labor. Assays of their levels in maternal
body fluids are advocated for monitoring feto-placental status. These
studies significantly add to our understanding o£ the mechanisms
regulating estrogen synthesis--an essential factor in resolving many
problems of reproductive failure. In addition, they may pave the way
to therapeutic control of estrogen synthesis during pregnancy.

Proposed Course :

The effects of potentially inhibitory steroids on estrogen formation by

intact cells v/ill be determined (see above) . Intracellular location of
trophoblastic enzymes of estrogen biosynthesis will be examined and

permeability studies performed to determine whether sequestration of
such enzymes can account for differing utilization of D and DS. Reports
from other laboratories indicate that the adenyl cyclase cyclic-AMP
system may participate in regulation of trophoblastic HCG secretion and
estrogen formation from nonconjugated precursors. We will explore its

possible involvement in regulation of estrogen production from conju-
gated precursors.

Keyword Descriptors: Steroid, Primate, Pregnancy, Enzymes

Honors and Awards: None

Publications:
See John D. Townsley Project No. ZO 1 HP 00 107-03 PRB
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Project Description:

Objectives ;

1. To determine maternal blood progesterone (P4) concentrations
during normal baboon gestation.

2. To determine the MCR and blood production rate of P^ during
baboon pregnancy.

Methods Employed :

Serum P^ was estimated by radioimmunoassay using an antiserum raised to

conjugated llB-hydroxy progesterone in rabbits. P^ MCR was estimated
from the serum levels of H-P4 during a constant infusion of H-P for
90-185 minutes.

Major Findings :

An accurate radioimmunoassay in nonpregnant and pregnant (l-9ng/ml)
serum for P4 has been established. Specificity is assured by

chromotographic removal of 17x-hydroxy- and 20x-dihydro-progesterone -

the only probable cross-reacting blood steroids. Isotopic equilibrium
of serum H-P4 is established within 70-90 minutes and maintained up
to 185 minutes after a priming dose and constant IV infusion of H-P4,
permitting reproducible estimates of P4 MCR. Preliminary data Indicate
that P4 MCR may be higher in pregnancy than in nonpregnant animals and
there is suggestive evidence that this elevation decreases toward term.

547



Significance to Biomedical Research and the Program of the Institute ;

P4 is essential for pregnancy maintenance and may be involved in the

onset of parturition. There is a dearth of information on factors
regulating its production by the placenta and possibly the ovary
during mid and later primate gestation. Neither urinary pregnanediol
nor peripheral serum P4 concentrations appear to give reliable
indications of production nor target organ levels of the active hormone
in this and other nonhuman primates. Reliable estimates of P4 blood
production rates are the essential prerequisite for use of this model
in studies of regulation of P4 production.

Proposed Course :

Estimates of peripheral serum P^ concentrations during gestation will
be completed. Pa MCR will be determined in additional animals to

demonstrate whether clearance is altered during pregnancy and whether
any alterations can be correlated with the changes in maternal serum
CBG we have found (See HD-PR-11) . Together these studies will permit
estimation of changes in blood production rates of P^ during gestation.
Since serum Cortisol is also elevated in pregnancy and it may compete
with P for CBG, we will examine the interactions between these steroid
and CBG in vivo by determining the effect of changing concentrations of

each hormone on the clearance of the other (See HD-PR-11).

Keyword Descriptors: Progesterone, Primate, Pregnancy

Honors and Awards:

Publications:

548



NICHD ANNUAL REPORT
July 1, 1974 through June 30, 1975
Laboratory of Molecular Genetics

The laboratory of Molecular Genetics conducts research directed toward under-
standing the molecular processes involved in the transmission of genetic
information and in its regulated expression during growth and differentiation.
A variety of model systems are under investigation, ranging from bacterial
and animal viruses to complex vertebrate regulatory responses involving the
synthesis of specific antibodies and the development of specific organ systems.
Taken together, the laboratory joins active workers in the areas of genetics,
biochemistry, immunology, virology and cellular biology to bring their skills
to bear on probelms of mutual interest. At present, the laboratory is com-
prised of nine research groups. Their activities are described in the phylo-
genetic order of the biological systems with which their research is primarily
concerned.

A. Studies have been directed towards understanding the detailed mechanism
of bacteriophage A insertion and excision from its host chromosome, the regulated
expression of phage genes, and the packaging and maturation of phage DNA . A
new and extremely powerful assay has been devised to isolate genetic mutants
that are defective in their ability to excise from the host chromosome. This
procedure has yielded a group of over 300 new mutants which will provide the
basis for elucidating, genetically and biochemically, the mechanism of inte-
gration and excision. We have already ordered many of these mutants on the
genetic map of A. A comparison of the genetic map with the physical map has

yielded an estimate of the mass of the proteins involved in integration and
excision. In addition, one of our mutants is unusual in that it is defective
in excision, but not in integration. Analysis of this mutant may shet some
light on the specific recognition of the DNA substrate by the integration
protein.

Additional studies have been directed towards understanding the process
of bacteriophage packaging and maturation. In brief, the packaging of bacterio-

phage DNA into its coat shell has been shown to be a polar process, depending
upon at least one appropriate end structure in the DNA and further dependent
upon enzymes capable of hydrolyzing DNA which is too large to fit into the

phage coat. Another phage protein appears to regulate the amount of DNA that

can be accommodated inside the coat, perhaps by changing the size of the

coat. (Dr. Robert Weisberg - Principal Investigator)

B. Studies on mechanisms of coordinating macromolecular synthesis have

focused on the role of the unusual nucleotides, pppGpp and ppGpp, which seem

to couple protein synthetic activity with an array of other cellular functions.

The rate of synthesis of these nucleotides is accelerated when the enzyme is

bound to ribosomes bearing messenger RNA and codon specific tRNA lacking an

amino acid. The yield of homogenous preparations of this enzyme has been im-

proved, allowing unequivocal association of enzymatic activity with a poly-

peptide chain as well as more extensive characterization of enzyme properties.

Metabolic studies have revealed a candidate for a reaction substrate which

participates in the degradation of these nucleotides. Studies on the manner

in which these nucleotides control gene expression have revealed that the
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nucleotides can interact with pure RNA polymerase to change its ability to

initiate certain messenger RNA chains without affecting other genes. Progress

has been made in isolating bacterial genes encoding ribosomal RNA. The ex-

pression of which has been shown to be inhibited by ppGpp in crude, in vitro

systems. Mutant analysis approaches to the target of ppGpp regulation of

gene expression have implicated RNA polymerase through isolation of RNA poly-

merase mutants which are unable to restrict ribosomal RNA synthesis despite

the continued presence of ppGpp. Structure activity studies of protein

synthesis have revealed an essential function for the 3 hydroxyl of GTP in

translocation, which may be related to interactions of ppGpp and pppGpp with

the protein synthetic machinery. (Dr. Michael Cashel Principal Investigator)

C. Factors which influence the rate of biosynthesis and level of accumulation

of messenger RNA in cells have been studied with special reference to enzymes

that are involved in the degradation and processing of messenger RNA. These

studies have resulted in the purification of two ribonucleases which may play

wery important roles in the processing of messenger RNA and in the life cycle

of specific viruses. One of these enzymes, ribonuclease III of £. coli , an

enzyme which degrades double-stranded RNA, was shown to fragment eukaryotic

messenger RNA from KB cells infected with adenovirus and ribosomal RNA into a

specific collection of products, indicating double-stranded RNA regions

within these largely single-stranded RNAs. These messenger RNAs are rapidly

inactivated by nucleolytic attack in such a way as to suggest an important

role of the double-stranded regions for the activity of the RNA as a message.

The factor rho , an RNA terminator, has been shown to require RNAs containing

cytidylic acid residues in order to cleave nucleoside ti^iphosphates. Although

this activity as a nucleotide triphosphatase is obscure in relation to its

possible function as a terminator of RNA synthesis, it seems reasonable to

believe that this function is intimately involved in chain termination and the

observed in vitro activity is an aberrant "over" reaction. (Dr. Robert

Crouch - Principal Investigator)

D. Studies directed towards understanding the regulation and expression of

viral genes and the process of virus assembly have been carried out using a

murine leukemia virus. A system has been developed which uncouples viral RNA

synthetic reactions from the terminal steps in virus maturation. This system
permits the observation of virus particle production in the absence of ongoing
viral RNA synthesis. Most of the virus particles released from uncoupled
cells consist of a unique and previously undescribed class of leukemia virus

particles which have several properties of standard virus but are deficient
in the high molecular weight 70S RNA genome. Studies on the origin of the

proteins associated with these particles indicate that the proteins are
synthesized under the direction of pre-formed viral mRNA and are derived to

only a very small extent from pre-formed structural proteins. Future studies
will focus on a more detailed knowledge of the biochemical and structural
properties of these defective particles and will also be directed towards
understanding the role, if any, viral mRNA might play in the assembly of
viral proteins. (Dr. Judith G. Levin - Principal Investigator)
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E. Studies directed toward the identification of viral macromolecules and
the description of their spacial and functional roles have been pursued using
poliovirus, adenovirus and membrane-bound RNA oncogenic viruses as model
systems. Emphasis on the study of polioviruses has shifted from enumeration
of polypeptides to identification of the functions and spacial associations.
The viral polymerase has been highly purified and found to contain only one
of the virus-specific polypeptides NCVP4 (Mw 58,000). Study of its formation
and expression showed that only a minor fraction of available NCVP4 is used
as enzyme. Factors regulating the expression of enzyme are under further
study. A search for viral induced changes in messenger-ribonucleoproteins
have been undertaken to identify the cellular and viral specified polypeptides,
and to relate them to changes occurring in vivo following infection. Adeno-
virus early proteins are being isolated to study their antigenic properties,
biological activities and subcellular distribution in an effort to understand
the changes accompanying viral-oncogenic transformation. Electron microscopic
studies of viral genomes and messages has revealed a wide range of secondary
folding features by both classical and new techniques. This approach is

expected to provide a kind of genetic fingerprint and is expected to permit
comparisons, identifications and detection of change with high precision.
(Dr. Jacob Maizel - Principal Investigator)

F. A cell -free, protein synthesizing system has been utilized for translation
of adenovirus messenger RNA. Two results have been obtained, (a) All major
virus polypeptides representing integral parts of the virion capsid were
synthesized in vitro and identified as viral gene products, (b) The restric-
tion of human adenovirus growth in monkey cells was shown to be regulated on
a posttranscriptional level.

Recent results based on an experiment performed in collaboration with
Dr. R. Crouch have demonstrated the usefulness of the bacterial RNase III as

a tool to achieve specific fragmentation of adenovirus messenger RNA and of
mammalian ribosomal RNA. (Dr. Heiner Westphal - Principal Investigator)

G. Studies have been directed towards understanding the sequence of events
leading to the differentiation of lens fibers in the chick embryo. Previously
this group has developed a culture system, derived from an early embryonic
chick lens epithelium, in which the normal morphological and biochemical
aspects of lens fiber differentiation take place in vitro in a chemically
defined environment. Within the past year this group has shown that a unique
pattern of histones exists in differentiating lens cell nuclei, which consists
of a large amount of a characteristic F^ hi stone; they have described a

changing pattern of protein synthesis during lens fiber cell differentiation
in vitro and established that 6-crystallin synthesis is differentially stimu-
lated; they have determined the size of 5-crystallin mRNA, synthesized and
characterized a 6-crystallin cDNA, and have shown that the accumulation of 6-

crystallin mRNA in the cytoplasm quantitatively accounts for the differential
stimulation of 6-crystallin synthesis in tissue culture; finally, they have
demonstrated that newly synthesized 6-crystallin is posttranslationally
modified in the embryonic chick lens. (Dr. Joram Piatigorsky - Principal
Investigator)
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H. Studies have been directed towards understanding the regulatory pathways
affecting antibody biosynthesis at the cellular level . Specifically, much
effort has been directed towards understanding the role of accessory cells
(thymus influenced or derived T-cells). Several lines of evidence suggest
that these T-cells may serve either to enhance or to suppress antibody secre-
tion and proliferation of bone marrow derived cells (B-cells), the cell in-

volved in the secretion of circulating antibody. In particular, the observa-
tion that streptococcal exotoxin (SPE) serves as a strong immunosuppressant
and that, after treatment with this agent, recovering animals exhibited a

wery elevated number of antibody secreting cells as well as elevated serum
antibody levels, suggested that the effect of this protein exotoxin might be

at the level of the T-cell. This has been termed a "deregulated response".

These observations have been extended to the mouse, an organism which permits

the exploitation of an interesting genetic model involving the nude locus.

These mice, which lack thymuses, provide an extraordinary model in which to

test this hypothesis. Consistent with the postulation, SPE fails to suppress

and does not enhance antibody production in athymic mice. Reconstruction
experiments in which nude B-cells have been complemented with T-cells from
+/+ syngeneic mice has resulted in conversion of null nude cells responses

to responses characteristic of +/+ mice. Moreover such complemented nude

responses were found capable of being deregulated by SPE. Previously report-

ed studies suggested that dibutyryl cyclic AMP exhibited a T-cell-like

effect in thymectomized mice. This effect has been confirmed using cultured

spleen cells from homozygous nude animals. In further studies this effect

on nude cells was found not attributable to merely a nutritional effect on

all cells, but was synergistic in athymic nude cell cultures only. (Dr.

Edgar E. Hanna - Principal Investigator)

I. Studies have been directed towards understanding the regulated expression

of mammalian genes . Two model systems have been chosen for this purpose,

both derived from a hematopoietic organ. Earlier studies using erythroleukemic
cells as models for erythrodifferentiation suggested that the regulation of

globin gene expression occurred at the level of transcription.

By utilizing electrophoretic methods developed in this laboratory for

the complete separation of a- and g-globin mRNA's it has been possible to

synthesize specific a- and 3-cDNA's. These cDNA's were used to study the

individual regulation of the a- and g-genes in several erythroleukemic cell

lines at different stages in their induction. It has been shown that a- and

3-genes are not strictly coordinately expressed in the induced cell, suggest-

ing a possible regulatory effect of the one mRNA (or its protein product) on

the transcription of the other gene, since, in the fully induced state, these

cells contain roughly equal molar amounts of a- and 3-mRNA's. Further study

of these regulatory phenomena will hopefully give us information on the de-

fects present in various human thalassemic disease states.

In order to understand the organization of the genetic information

encoding antibody molecules it is necessary to study the variable- and constant-
region genes independently. We have already shown by hybridization experiments,
using a cDNA which represents the C-region, that there are \/ery few C-region
genes. This requires the postulation of a recombinational event for the
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joining of V-and C-region genes. It still remained however to determine the
number of V-region genes, in order to differentiate between the hypotheses
proposed to explain the diversity in V-region sequences.

For this purpose we used light chain mRNA which had been purified to
homogeneity and iodinated. The comparison of results of hybridization experi-
ments with this ^25i_p^R[^/^ ^-p ^i^g presence and absence of various competing,
unlabeled mRNA's suggest to us that there are approximately 60 V-region genes
in the haploid mouse genome. These results imply strongly that V-region
diversity is created from a limited number of germ line genes, which are
mutated during somatic differentiation of each immunocyte clone. Inherent in
this hypothesis is the fact that the V-region genes would differ from clone
to clone. This will be tested. (Dr. Philip Leder - Principal Investigator)
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3

3

Objectives : To understand the mechanism of the insertion of virus DNA into

and its excision from the chromosome of its host; to study the nature of

abnormal phage insertion and excision with the aims of understanding the
normal process, on the one hand, and of determining the feasibility of using
abnormal insertion as a tool for genetic and biochemical analysis of bacterial
gene products on the other; to analyze the mechanism of conversion of the

virus nucleic acid to a mature, infectious virus particle; to study regulation
of X gene expression.
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Methods Employed : The organisms of study are bacteriophage A, other genetical-
ly related phages, and their host, the bacterium E. col

i

. Genetic techniques
are being used to obtain cells which carry virus DNA inserted at abnormal
chromosomal sites; from such abnormal lysogens, we obtain novel types of
transducing phage lines (phage strains whose chromosomes contain DNA of
bacterial origin). Phage mutants with specific chromosome aberrations are
being used to characterize the activity and stability of the factors which
govern insertion and excision. Density gradient analysis and electron-
microscopic visualization of DNA are being used to determine the structure of
the chromosome of a newly isolated phage variant. Morphogenesis-defective
phage mutants are being used to determine the sequence of steps involved in
the synthesis and assembly of the A head, and the cutting and packaging of
virus and host DNA.

Major Findings : (1) We had previously found that bacteriophage A can insert
its DNA within a bacterial gene, thereby inactivating the function of that
gene. Such insertion is precisely reversible because loss (or excision) of
the viral DNA led to restoration of gene function. Excision from within a

gene requires the same virus-encoded proteins that are required for excision
of A DNA from the normal attachment site: the int and xis^ proteins. From
these results we have developed a powerful genetic selection for mutants in
the int and xis genes. Plaques formed by mutant phage on hosts carrying a A DNA
insertion in a bacterial gene can be easily distinguished from wild type
plaques by the absence of revertant bacteria in the former case. We have
used this method to construct a fine structure genetic map of the A int -xis
region. From a comparison of this map with the physical map, we estimate the
maximum size of the int and xis genes to be 3% of the A genome, sufficient
DNA to encode 50,000 daltons of protein. The molecular weight of int protein
is known to be 42,000 daltons; hence xis protein, which has not yet been
isolated, can be no more than about 10,000 daltons. We have begun screening
our collection of about 500 excision defective mutants for novel variants
that may provide insight into the mechanism of interaction of Int and Xis
proteins with att . A group of new amber and temperature sensitive int mutants
have been found and mapped. One mutation, int2268 is unusual in that it has
properties of an att recognition mutant. In another approach, we have isolated
revertants and pseudorevertants of xis mutants. To aid in isolation of
mutants and revertants, we have devised a method of biological mutagenesis
using the £. coli mutator gene, mutD. The mutD induced mutants of A int and
xis affect a broad spectrum of sites.

(2) Bacteriophage A particles consist of a protein capsid or "head"
that surrounds and protects a molecule of virus DNA, and a "tail" that is

required for injection of the DNA into host bacteria. The DNA of wild type
phage particles is formed by the cutting to size of a linear oligomer of
several genome units. This oligomer is cut at specific nucleotide sequences
called cos that are repeated once per genome; the DNA between adjacent copies
of cos is packaged into virus heads. We have studied the production of phage
after induction of a lysogen carrying a single excision defective virus
genome inserted into the host DNA. Induction of virus growth in such a

lysogen does not lead to the production of oligomeric virus DNA, Therefore
we can ask if DNA cutting and packaging can occur when the substrate contains
only one cos. We found that phage particles were produced at 10% the normal
efficiency, indicating that DNA with a single cos is a relatively good substrate
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for cutting and packaging. However, these particles differed from normal
particles in a number of ways. An analysis of these differences led us to

the following model for the cutting and packaging of inserted virus DNA: (a)

The inserted DNA is cut at cos; (b) DNA to the right of cos is preferentially
packaged in phage heads; (c) The amount of DNA per head equals the capacity
of the head (a headful); (d) Unpackaged DNA, continuous with the packaged
DNA, protrudes from the head, blocking the attachment of tails and preventing
the function of a X protein that acts at the head-tail junction; and (e)

Digestion of the unpackaged DNA with DNase allows completion of the phage
head and the attachment of tails. With one further assumption — that nucleo-
tide sequences similar or identical to cos exist in bacterial DNA -- the

model also accounts for our finding that phage A can cut and package host DNA

(see last year's project report).

(3) Induction of virus growth in an excision defective lysogen initiates
DNA replication within the inserted virus DNA. We have found that waves of

replication proceed in both directions into the host DNA to about the same
degree. The extent of this replication decreases with increasing distance
from the prophage and is not detectible for regions of the host chromosome
further than about 10^ base-pairs from the inserted virus.

(4) DNA cutting at cos is coupled to the biosynthesis and assembly of

the phage head because if head formation is blocked by mutation in any one of

six head genes, no cutting occurs. It is likely however, that only one phage
gene product is responsible for the recognition of cos. Last year we estab-
lished that the product of head gene A determines the specificity of DNA
packaging, a property that is expected if A product recognizes cos. Recently
we have shown that the product of head gene D, which is normally required for

cutting, is dispensible for the growth of A deletion mutants in which the

distance between adjacent copies of cos on an oligomer is less than 80% of

the wild type distance. Thus, D product cannot be directly involved in DNA

cutting at cos; instead it may act to stabilize head precursor structures
that contain more than some critical amount of uncut DNA.

Significance to Biomedical Research and the Program of the Institute : The

insertion and excision of viral (and other episomal) DNA is known to change
the physiology of the host organism. In addition, these viruses (and other

episomal elements) provide an important mechanism of genetic transfer and

exchange in the microbial world. Viruses promote genetic transfer because of

their ability to convert host genes to an infectious form by packaging them

inside a shell of viral structural proteins. It is highly likely that such a

successful symbiotic relationship has an analogy in the relationship between

certain animal viruses and the cells of higher organisms. In fact it is

known that animal viruses can package the DNA of their hosts although the

biological significance of this phenomenon is unknown. Moreover, an under-

standing of the control mechanisms operative in these easily studied micro-

organisms has obvious relevance to an understanding of regulatory elements in

higher organisms. The ability to direct the insertion of phage DNA to pre-

determined locations on the host chromosome should prove to be an extremely
useful and widely applicable method for isolating gene products and studying
the control of bacterial gene expression.

Proposed Course of Project : We plan to characterize our new integration-
excision mutants as described in Major Findings; We plan to establish a
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physical map of the att-int-xis region of A by electron microscopic examination
of DNA heteroduplexes; We plan (in collaboration with Dr. H. Nash) to examine
by electron microscopy recombinant DNA (or intermediates) that is produced by
the action of int product in vitro ; We plan to characterize the particles
that are matured by DNase in order to test our hypothesis that the DNA protrudes
from the head before nuclease treatment.

Keyword Decriptors:

Bacteriophage A, Escherichia coli . Prophage Integration, DNA Packaging, Virus
Assembly, Recombination, Fine Structure Mapping, DNA Heteroduplexes, Biological
Mutagenesis
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4.3
4.3

Objectives : The broad objective of this project is to understand cellular
regulatory changes evoked by nutritional environments. Nutritional changes
lead to coordinate adjustment of cellular composition and activities so as
to adapt to the transition. Inquiry here relates to regulatory mechanisms
exerting control on a wide variety of otherwise unrelated cellular activities.
The pleiotropic control system focused on is mediated by regulator nucleotides
guanosine tetraphosphate ppGpp and guanosine pentaphosphate (pppGpp).

Methods Employed : A combination of chemical and enzymatic steps have allowed
synthesis of guanine ribonucleases bearing modifications at the 2' or 3' J

ribose positions such as, 1) removal of the hydroxyl ; 2) addition of 1 or 2 \

phosphate residues and 3) replacement of the 3' hydroxyl with an amino group.
Also nucleotide and tRNA binding events have been measured by exclusion ,

chromatography.

I
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Principal Findings

1) Biosynthesis and further metabolism of ppGpp and pppGpp . Continuing
studies on the enzyme catalyzing synthesis of ppGpp and pppGpp has led to:
1) finding conditions for increased stability resulting in about 25-fold
enhancement of yield of highly purified enzyme. 2) Isoelectric focusing and
recovery of activity from a single band which migrates as a single polypeptide
on SDS electrophoresis. 3) Verification of the hydrophobic nature of the
protein as judged by chromatography on aliphatic carbon chain-sepharose gels.
4) Measurements of the failure of the enzyme to modify mRNA depending binding
kinetics of unchanged tRNA whether or not in competition with charged tRNA.
5) Proof that the substrate specificity of the enzyme is a property of the
enzyme alone, and not of the ribosome. 6) Confirmatory demonstration of the
reversibility of the reaction. Studies on degradation of ppGpp in permeable
cells have been extended to include measurements with whole cells asking to
what extent degradation regulation can exclusively account for ppGpp accumu-
lation. Experiments with conditional aminoacylation mutants at restrictive
temperatures reveal that both synthesis and degradation participate in regula-
tion of ppGpp levels in intact cells. A compound has been noticed as a

radioactive spot on chromatograms whose regulatory behavior implicates it as
a participant in reactions leading to metabolic degradation of ppGpp.

A means has been developed which allows selection and screening of mutants
defective in the ability to synthesize ppGpp. This technique should enable
genetic approaches for dissecting the relevant biochemical mechanisms involved
in biosynthesis and further metabolism of ppGpp as well as verification of in

vitro findings.

2) Regulation .of gene expression by ppGpp . Continuation of studies of the
effects of ppGpp on DNA transcription by RNA polymerase has led to collabora-
tive demonstration (with Reiness and Zubay) of specific inhibition of ribosomal
RNA transcription in a crude, but DNA dependent system. This effect is of
sufficient magnitude to quantitatively account for inhibition observed in

whole cells during ppGpp accumulation. Earlier conclusions that ppGpp can
selectively modify gene expression of certain operons from analogous studies
have been widely confirmed; 'jery recent two dimensional electrophoretic
analyses by Dr. Patrick 0' Parrel 1 have revealed that as many as 30% of dif-
ferent E. coli proteins markedly differ depending on the presence or absence
of ppGpp. The pleiotropic nature of the regulatory system is quite certain.
Much less clear is how ppGpp modifies expression. Studies mentioned in the
previous report cited evidence that ppGpp could interact with the RNA polymer-
ase and thereby alter its ability to recognize promoters. Using RNA synthesis
screening techniques, mutants of RNA polymerase have been screened and a

sizeable number accumulate ppGpp but without regulating ribosomal RNA.

Nucleotide structure activity studies with RNA polymerase have revealed the
reasons why ppGpp has selective effects on gene transcription rather than
nonspecific inhibition of messenger RNA elongation.

3) Nucleotide regulation of cellular biosynthetic activities . These studies
have centered on interactions between ppGpp analogs and protein synthesis,
attempting to define the basis for effects of guanine nucleotides bearing a
3' pyrophosphate residue. Observations cited last year indicated that pppGpp
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could not substitute for pppGpp in supporting polyphenylalanine synthesis,

which seemingly excludes the possibility that pppGpp is a normal catalytic
intermediate in protein synthesis. Nine GTP analogs were prepared with
modifications of the 2' and 3' hydroxyl group to explore structure activity
relationships. In all cases, translation was more adversely affected by 3'

modification than either initiation or aminoacyl tRNA binding. Substantial

differences in analog reactivities for both G factor binding and analog

hydrolysis strongly suggest multiple catalytic function of G factor.

ISignificance to Biomedical Research and the Program of the Institute : Inte-

grative control processes in general, and adaptive regulation to nutritional

and environmental changes in particular, are common to all growing cells. An

understanding of these processes at any level contributes to how cells respond

to their immediate environment and its changes. Amongst phylogenetically di-

verse bacteria the role of ppGpp has emerged as a master regulatory compound i

present in enormous amounts, controlled by perturbations in protein synthesis,
\

capable of regulating genetic transcription and interacting with a variety of

cellular functions that account for a sizeable part of cellular biosynthetic

capacities. The compounds ppGpp and pppGpp have been observed in differentiat-i

ing slime mold, plan chloroplasts and plant ribosomal systems. Recent

studies with ribosomes derived from rat embryonic liver and brain have demon-

strated ppGpp biosynthetic activity which is lacking from corresponding

preparations from adult tissue. Long term ^^p labeling of human cells in

culture have led to observation of ppGpp and pppGpp in concentrations approach-

ing some 5% of GTP pool levels. Corresponding adenosine analogs (ppApp and
i

PPpApp) have been found in sporulating bacteria as well as in tissue cultured
|

cells. The parallel physiological responses of mammalian cells to prokaryotic i

cells make these first reports of these regulatory compounds even more intrigu-j

ing.
I

Proposed Course of Project : Effort to examine the relationship between ppGpp
|

synthesis and cellular regulation will be persued, with special emphasis upon

the derivation and characterization of new mutants. Attempts to isolate

genes under ppGpp control will be furthered, then explored through EM studies

of RNA polymerase binding and transcription analysis. A concerted attempt
j

will be made this year to explore the occurrence and enzymatic basis of

regulatory nucleotide synthesis in eukaryotic cells.
I

!

Keyword Descriptors:
j

i

Stringent-relaxed RNA control, protein synthesis, guanosine tetraphosphate,

guanosine pentaphosphate, pleiotropic regulation, RNA polymerase, transcriptioni

gene expression
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1. Cashel , M. : Regulation of Bacterial ppGpp and pppGpp. Annual Review

of Microbiology, in press.
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Lengyel , eds., Cold Spring Harbor Laboratory.
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4. Raue, H.A. and Cashel, M.: Regulation of RNA Synthesis in Escherichia
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Objectives : RNA plays an important role in cellular regulation - either
by its presence in active form or in an inactive form or by its total

absence. A number of proteins have been shown to be involved in regulat-
ing RNA synthesis in Escherichia coli - among these are RNA polymerase,
rho (or termination factors), kappa (a termination factor). These
proteins are involved in the synthesis or inhibition of synthesis of
specific species of RNA - and, as a result, control which RNA species
are presented to the protein synthetic machinery of the cell. Although
the demonstration of "inactive" messages has not been extensively consid-
ered in £. coli , recent results suggest that such a possibility is

likely. Ribonuclease III (RNase III) is an enzyme from E^. col i responsi-
ble for the processing of ribosomal RNA and the processing of RNA formed
after infection of E^. coli with bacteriophage T7. Certainly these
results suggest that regulation of specific genes could occur by process-
ing - or failing to process gene transcripts. Other RNA species may be
regulated by another enzyme found in a wide variety of organisms; E.

coli , KB cells, yeast, chick embryos, and calf thymus. This enzyme,
RNase H, has the potential to regulate not only RNA synthesis but DNA
synthesis. The objective of this research project is to determine the
method by which several of these enzymes act to regulate RNA synthesis.
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Methods Employed : A variety of techniques have been employed including a new
procedure combining removal of nucleic acids from cellular extracts with
polyethylene glycol -dextran phase separation in 4 M NaCl with subsequent
passage of the nucleic acid-free extract over a column containing hydroxy-
apatite. This procedure relies on the interesting property of hydroxyapatite
to bind proteins in the presence of high NaCl (4 M) and polyethylene glycol.
Thus removal of nucleic acid is accomplished and removal of 4 M NaCl and
polyethylene glycol carried out without undue handling (such as dialysis or
ammonium sulfate concentration).

Major Findings : Two major findings concerning the mechanism of action of
RNase III and the structure of eukaryotic RNA's have been pursued during the
course of this year. First, although RNase III has the ability to degrade
duplex RNA, it can attack RNA from eukaryotes (presumably at duplex regions)
which are normally characterized as single-stranded RNAs. Resulting from
these enzymatic attacks are RNA fragments which come from ah ordered - and
specific cleavage. Careful examination of the susceptibility of different
eukaryotic RNAs to RNase III has demonstrated that all of the RNA's examined
have sites which are attacked by RNase III but each RNA displays a different
degree of resistance. For example, at concentrations of enzyme sufficient to

degrade all duplex RNA, 28S and 18S ribosomal RNA can remain intact, whereas
at very high enzyme to RNA ratios 28S and IBS ribosomal RNA are cleaved to
specific size products which are, on the average, only l/20th to l/50th the
original lengths. At intermediate levels of RNase III, 28S shows one site
that is more susceptible than others. All of this stresses the need to be

very conservative when enzymes such as RNase III are used in an attempt to

convert "precursor" RNA molecules to either messenger RNAs or ribosomal RNA
since the "desired" products of such in vitro processing are themselves
susceptible to attack by RNase III.

The second finding in this area is a corallary of the first: sites exist
in eukaryotic RNAs which are recognized by RNase III. Not only do they
exist, they are frequent, occurring every 100-200 nucleotides as measured by

the products obtained and, in the case of adenovirus mRNA, representing
approximately twenty percent of the RNA as measured in competition experiments.
The exact nature of these structures is unknown but does indicate a high
degree of secondary structure in these RNAs.

Efforts directed at understanding the mechanisms of action of rho have

consisted of an attempt to characterize the nucleoside triphosphatase activity
associated with rho. Under conditions that are typical for rho assays, the

nucleoside triphosphatase activity requires RNAs containing cytidylic acid
residues [poly (A, U, C) permits this activity whereas poly (A, U, 6) has

little or no support]. A number of different nucleoside triphosphates and

their analogs are converted to the corresponding nucleoside diphosphates.
Oligocytidylic acid isostiches were tested to determine the minimum oligo-
nucleotide length required for the RNA contribution to nucleoside triphosphate
activity. Activities were detectable with oligonucleotides 12 to 14 residues
and above. However, polycytidylic acid is more efficient than these short
oligocytidylic acids, being effective at much lower concentrations. The
function of such a nucleoside triphosphatase activity in rho action in termina-
tion of RNA transcription is unclear but could reflect an aberrant reaction

563



that occurs only once during chain termination but in the j_n vitro situation
continuation obtains as a result of a missing component - something required
to move the terminated RNA away from the transcription complex.

Direction of Research in 1976 : Two major avenues are being pursued. One

concerns the action of RNase III or enzymes similar to RNase III on a variety
of eukaryotic message and ribosomal RNAs. In this case we wish to examine
the utility of RNase III in providing information about the primary and

secondary structures of these RNAs as well as any possible relationship
between large "precursor" RNAs to those ultimately utilized in the cytoplasm
of a cell. This will entail a number of experiments examining the products
of cleavage of 18 and 28S ribosomal RNA and a number of experiments concerning
the inhibition of protein synthesis resulting for messenger RNA inactivation

by RNase III.

The second area of effort will be in further characterization of ribo-
nucleases H and an enzyme from chick embryos similar to RNase III. Purifica-
tion and characterization of the chick embryo enzyme(s) will be accomplished
through normal schemes of separation. RNase H will be examined under a

variety of different cellular stages in £. col

i

(i.e., log cells vs. stationary
phase cells, cells treated with chloramphenicol), as well as certain mutant
forms of £. coli and phage infected cells. By examination of RNase H in this

manner we hope to gain some information concerning the role of RNase H or at

least some ideas on selection of mutants altered in RNase H activity.

Significance to Biomedical Research and the Program of the Institute : The

regulation of transcription can be essential in controlling gene expression
in most organisms. Certainly changes in gene activity mediated through regu-

lation of transcription can affect normal cellular activity while failure to

regulate properly or to reorient transcription can be the basis of many

medical abnormalities.

Keyword Descriptors:

ribonuclease III, processing of eukaryotic RNAs, adenovirus messenger RNA,

ribosomal RNA cleavage, ribonuclease H, termination factor rho, chick embryo

ribonucleases

Honors and Awards:

1. Invited Lecture - University of Miami Medical School, Department of

Biochemistry, Miami, Florida

Publications: None
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Objectives : To study factors which influence expression of viral genetic in-

formation; to define in molecular terms the specificity requirements of the

viral assembly process; to understand the virus-host relationship in chronic
infection.

Methods Employed : Mouse cells chronically infected with murine leukemia

virus are maintained as continuous lines in culture. Leukemia virus pro-

duction is measured by assay of the extracellular fluids for reverse tran-

scriptase activity in response to a synthetic template. Infectivity is de-

termined by the XC plaque assay. To characterize the RNA species present in

virions, RNA is extracted from particles purified by sucrose density centrifu-

gation and is then analyzed by polyacrylamide gel electrophoresis. Conditions

have been devised which yield high resolution of a wide range of RNA molecules-

from the high molecular weight 70S viral RNA genome to the low molecular

weight 8S and 4S RNA species. Viral proteins are analyzed on polyacrylamide

slab gels. Electron microscopy is used to follow viral morphogenesis and to

delineate the ultrastructural features of the virions. Thin section electron

microscopy and negative staining techniques have been employed.

565



Major Findings :

1. In earlier work on this project, a system was developed in which biosyn-

thesis of murine leukemia virus RNA is uncoupled from terminal steps in virus

maturation by treating chronically infected cells with actinomycin D. Despite

the absence of ongoing viral RNA synthesis, virus particles continue to be

assembled for at least 8-12 hours, as evidenced by the appearance of budding

C-type particles and the presence of reverse transcriptase activity in the

extracellular fluids. Most of the virions produced are defective, however,

and form a unique and previously undescribed class of RNA tumor virus particles

which are deficient in 70S genomic RNA and appear to contain only low molecular
weight RNA species.
2. Standard and defective virions have similar biophysical properties (e.g.,

they each sediment with a buoyant density of 1.16 g/cm^ in sucrose gradients)

and cannot be separated by conventional techniques. In order to find conditions
which maximize the yield of defective particles relative to standard virions,

the kinetics of virus production have been examined in greater detail using
two different assay methods: a. infectivity assay which detects standard
virions only; and b. reverse transcriptase assay which detects total virus
particles (i.e., all particles containing the enzyme). The result? show that
by 3-4 hours after addition of actinomycin D, infectivity titers are already
reduced 30- to 50-fold compared with untreated controls, whereas extracellular
virion-associated reverse transcriptase activity is decreased by only 2-to-3-
fold throughout an 8 hour incubation period. Thus, at late intervals (e.g.,

between 3 and 6 hours after actinomycin D is added), there continues to be

substantial particle production, but the harvest is greatly enriched for
defective virions.
3. The defective particles exhibit reverse transcriptase activity in response
to exogenous templates such as poly rA.oligo dT and poly rC.oligo dG, indicat-
ing that the enzyme can be packaged within the leukemia virus particle in the
absence of its natural 70S RNA template. The enzyme from the defective
particles has now been isolated and it co-purifies through several steps with
enzyme from standard particles. The molecular weight of the enzyme from
either source is approximately 70,000.
4. The biogenesis of virus particles in actinomycin D-treated cells (i.e.,
in the absence of viral mRNA synthesis) suggests that the proteins associated
with the particles are derived either from pools of pre-existing molecules
which are not depleted over an 8 hour period or alternatively, from proteins
made under the direction of pre-formed, functionally stable viral mRNA.

a. In an attempt to distinguish between these possibilities, virus
production has been measured at various intervals following the addition of
cycloheximide, a potent inhibitor of cellular and viral protein synthesis.
In contrast to the results obtained with actinomycin D (see above, 2), cyclo-
heximide treatment causes a very rapid reduction in both infectivity and
extracellular reverse transcriptase activity. By 3 hours, these activities
are decreased by approximately 100-fold and in addition, there is a correspond-
ing decrease in the relative amount of the major structural protein of the
virus (p 30). Preliminary electron microscopic observations appear to rule
out the possibility that cycloheximide blocks release of virus particles.

4
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b. These results indicate that 1. viral protein synthesis is required
for production of virus particles; 2. infected cells do not contain significant
amounts of pre-formed viral structural proteins or possible precursors of
these proteins (which could be cleaved in the absence of protein synthesis);
and 3. by implication, viral mRNA continues to function to some extent in
protein synthesis for at least 8 hours.

c. In agreement with results obtained with other mammalian systems, we
find that the rate of overall cellular protein synthesis, as determined by
amino acid incorporation, declines rather gradually during incubation with
actinomycin D (1 yg/ml). After 8 hours of actinomycin D treatment, the
incorporation is approximately 20% relative to the control. Studies are now
in progress to assess the capacity to synthesize and assemble individual
viral structural proteins under these conditions.

Significance of Biomedical Research and the Program of the Institute : The
advantages of viral systems as models for studying the regulation and ex-
pression of genetic information are well recognized. Studies on the RNA
tumor viruses are of special interest since these viruses establish a chronic
infection in the host cell, presumably by integration of viral genetic infor-
mation into the host chromosome. An understanding of the various steps in-
volved in tumor virus replication and mechanisms for generating defective
virions should aid in efforts to limit the oncogenic potential of these
agents. Finally, information on the degree to which host material can be
assembled into virus particles could have some application in the field of
gene therapy, where the use of pseudotype virions has been contemplated as a

means of introducing "foreign" nucleic acid into an individual possessing an
inherited biochemical defect.

Proposed Course of Project : In the coming year, efforts will continue to

obtain a more detailed knowledge of the biochemical and structural properties
of the defective murine leukemia virus particles generated in the presence of
actinomycin D. Their protein composition will be analyzed by biochemical and
immunological techniques in order to assess the capacity to synthesize viral
proteins under conditions where new viral mRNA cannot be made and in addition,
to clarify the possible role of the viral genome in directing the assembly of
individual viral proteins. Studies on the properties of the reverse transcrip-
tase enzyme associated with the defective particles are already in progress
and interest will be focused on the ability of the enzyme to copy natural
RNA's. Further characterization of the low molecular weight RNA species
contained in the defective particles is also contemplated.

Keyword Descriptors:

viral gene expression, virus assembly, murine leukemia virus, reverse transcrip-
tase enzyme, defective virus particles, actinomycin D, electron microscopy,
polyacrylamide gel electrophoresis, cancer, birth defects
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Objectives : To identify the macromolecules produced by virus infection of

human cells and describe their spatial and functional roles in replication of

the virus and regulation of the host cell.

Methods Employed : Techniques for sensitive biochemical and biophysical

characterization of proteins and nucleic acids are central to these studies.

Electrophoretic methods have been developed permitting separation of 50-100

different sizes of protein or nucleic acid molecules and estimat-'on of their

amounts, sizes and number. Electron microscopic techniques are employed to

characterize the 3-dimensional organization of proteins and nuc'^eic acids in

viruses and cell organelles, and a primary objective is to extend the useful-

ness of electron microscopy for macromolecular characterization of proteins

and nucleic acids. Viruses representing widely different groi.ps are used in

conjunction with continuous mammalian cell culture to produce simplified and

manageable mammalian systems for molecular biological studies.
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Major Findings : Three groups of animal viruses have been studied as a

continuation of ongoing research by the principal investigation for the past

thirteen years. The groups in their order of genetic complexity and subtlety

of interaction with cells are: Pi cornavi ruses, represented by polioviruses

with single stranded RNA genome of approximately 2.5 x 10^; adenoviruses with

double-stranded DNA genomes of molecular weight 23 x 10^; and onocornavi ruses

with poorly defined, single-stranded RNA genomes of 3-10 x 10^.

1. Polioviruses have been studied by subcellular techniques in order to

characterize the unique enzymatic mechanisms of mammalian virus RNA replica-

tion and the unique features in the translation of this dual function genome-
message.

In previous work a single virus-specified polypeptide, NCVP 4 (MW 58,000),
was identified within the replication complex. This identification has been

made more conclusive by studies precisely correlating NCVP 4 content with en-

zymatic activity in temporal appearance and by sedimentation profiles. For
the first time it is possible to look at molecular expression of an enzyme
in poliovirus replication. A surprising finding, in light of descriptions
by others, was that the active polymerase complex is made during a short time

early in infection and remains stable. Work has begun to isolate the

ribonucleoprotein complexes formed during polioviruse translation. The
drug pactomycin, which allows formation of mRNA-protein (mRNP) but not its

translation, has been used to enhance the appearance of mRNP. Extracts of
pactomycin-treated cells have been analyzed and fractionated on sedimentation
velocity and nonionic sedmentation equilibrium gradients. mRNP complexes have
been resolved from ribosomes, viruses and cellular components and have been
found to contain viral RNA and some viral proteins.

2. Adenovi rus proteins have been examined during the early stages of infec-
tion with special attention to identifying more polypeptides than the three
previously known, and with the goal of their isolation and individual charac-
terization. Since this class of proteins is uniquely expressed as "tumor
antigen" in viral transformed cells it is of utmost importance to understand
their properties. By more detailed analysis of early infected cells (0-6
hours postinfection and previous to viral DNA replication) a new polypeptide
E2a (MW 20,000) has been found in addition to previously known El (Mw 70K)
E2 (24K) and E3(llk).

3. Oncornaviruses have been isolated from murine erythroid cultured
cells employing the concanavalin A isolation techique previously developed and
described. The virions from these cultured cells resemble other studied murine
oncornaviruses in RNA content and are presently being examined for polypeptide
content. Preliminary electron microscopic studies indicate a smoother surface
morpholog than other murine oncornaviruses. (

4. New methodology can contribute importantly to new discoveries.
Efforts to introduce new methodologies have been established in the group
and have been applied to various problems.

A combined RNA and protein separating gel is being employed in conjunction with
the slab gel apparatus. RNA can be resolved in the standard protein buffer ^
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system when EDTA is added. Composite gels containing agarose, linear polyacry-
lamides, and in vitro polymerized acrylamide have been used to obtain seiving
conditions that permit high Mw nucleic acid separation at the same time as

proteins. The method is being used to examine mRNA complexes of poliovirus
infected and uninfected Hela cell. P^s labeling of nucleic acids has been
combined with S^s labeling of proteins to permit simultaneous high-resolution
autoradiography. Non-ionic density gradients employing chloral hydrate or
metrizimide have been developed for analysis of m-RNP under controlled
ionic conditions. They are being used to examine a wide variety of
subcellular and viral structures.

A major effort has been made in the area of electron microscopy. All standard
techniques of molecular and tissue analysis have been established. Primary
emphasis has gone into the newer areas of nucleic acid analysis including sec-

ondary structure mapping and heteroduplex analysis. Poliovirus RNA has been

examined throroughly for secondary structures. Under conditions where ribo-

somal RNA has very reproducible features the viral RNA has none. At less

rigorous denaturing conditions irregular secondary loops appear but have not

as yet been interpretable. A variety of eukaryotic messages have been examined
in conjunction with other workers in LMG, including chick lens 6-crystallin
message, fractionated and unfractionated globin message, and adenovirus messages
Only adenovirus messages show significant secondary structure. The data for

analysis are being collected. Nucleic acid size measurements of the messages

have been consistant with other estimates.

A new technique employing benzalkonum chloride (BAC) as a nucleic acid spread-

ing agent has been set up and applied to a wide variety of nucleic acids. We

have used it with dark film electron microscopy to develop a rapid (10-15 min)

preparation method which permits testing many sample variables with 1/10 and

1/5 the effort and far lower failure rate than previous monolayer and shadowing

techniques.

Significance to Biomedical Research and the Program of the Institute : Virus

replication serves as a model for cellular processes. Consequently study of

relatively simple viruses is revealing the basic processes of replication,
assembly and regulation of human cells (and presumably the organism). Develop-

ment of techniques needed for the special rigorous demands of these viruses

has provided tools useful to almost all other biological systems (a case in

point being the SDS-acryl amide gel electrophoresis system first employed with

adenovirus and poliovirus). These techniques and methodological approaches are

directly applicable to studies on human embryonic development, infection, onco-

genesis, and aging.

Proposed Course of Project : Some of the same viruses, cells and techniques

will continue to be employed with special emphasis on the electron micro-

scope detection of the genetic structure of pol iovi ruses , oncornaviruses
and adenovirus, the introduction of techniques to the laboratory for visual-

izing the structure of functioning poliovirus replicase, and intracellular

localization of adenovirus proteins. Attempts will also be made to develope

methods for obtaining sequence-related information from proteins along the

lines of those used for nucleic acids.
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Poliovirus proteins, adenovirus proteins, poliovirus RNA replicase,
nucleic acid electron microscope, and gel electrophoresis of protein and
nucleic acids.
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Project Description:

Objectives : Analysis of structure and informational content of adenovirus
messenger RNA's. Study of structural and non-structural viral gene products.

Methods Employed : Adenovirus messenger RNA is purified from virus-infected
KB cells grown in culture. The coding specificity of the RNA is measured in

a cell -free protein making system derived from mouse Ehrlich Ascites tumor

cells. In vitro synthesized proteins are identified by size, primary structure
and antigenicity, using, wherever possible, authentic virion proteins as a

reference. RNA is analyzed by agarose-polyacrylamide gel electrophoresis.

Major Findings : In vitro translation of highly purified late adenovirus type

2 messenger RNA resulted in the synthesis of all major structural proteins of

the virion spanning a molecular weight range of 120,000 to < 10,000. A

polypeptide of 73,000 molecular weight has been obtained in response to early

messenger RNA. This protein is a candidate for a non-structural adenovirus

gene function.

A project performed in collaboration with Dr. G. Khoury, NIAID, dealt

with the post-transcriptional restriction of human adenovirus expression in

monkey cells. It was established that the control restricting adenovirus

type 2 growth in BSC-1 cells acts on a post-transcriptional level.
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The action of ribonuclease III on adenovirus messenger RNA was investigated

in collaboration with Dr. Robert Crouch of this laboratory. The enzyme

produced patterns of fragments that were unique for each species of RNA

tested, including various forms of ribosomal RNA. The biological activity of

adenovirus messenger RNA, as tested in the in vitro system, is eliminated by

the enzyme action. The study has established ribonuclease III as a potential

tool for specific fragmentation of a wide variety of single-stranded RNA's.

Significance to Biomedical Research and the Program of the Institute : Our

studies deal with the nature of tumor virus gene functions and their expression

in the living cell. The experiments done so far have firmly established the

molecular correlates for structural virus gene functions. Studies of non-

structural virus proteins have been initiated in that a polypeptide synthesized

in response to early messenger RNA has been characterized. It is expected
that a biochemical characterization "of virus gene functions involved in

malignant transformation will soon be feasible using the existing techniques.
Our study of the mechanism of the restriction of adenovirus growth in a

heterologous host have demonstrated that important biological questions
concerning the regulation of virus expression inside the living cell, can

also be attacked using these techniques.

Proposed Course of Project : Present efforts are directed toward (a) establish-
ing the informational content of individual size groups of adenovirus messenger
RNA; (b) studying the in vitro and in vivo translation products of early
viral messenger RNA and (c) examining the usefulness of ribonuclease III as a

general tool for specific RNA fragmentation.

Keyword Descriptors:

Adenovirus messenger RNA, cell -free protein synthesis, host restriction of
adenovirus growth, structural and non-structural adenovirus gene functions

Honors and Awards:

Invited lectures:
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Genetics Meeting, University of Cologne, Germany - March
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Roche Institute for Molecular Biology, Nutley, New Jersey
May 1974.
Cold Spring Harbor Symposium, Cold Spring Harbor, New
York - June 1974.
Tumor Virus Meeting, Max-Planck Institute, Munich,
Germany - Oct. 1974.

Tumor Virus Meeting, Cold Spring Harbor, New York -

Aug. 1973.
ASM Meeting, New York - April 1974.
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Invited Conferee: Adenovirus Meeting, Cold Spring Harbor, New York - Jan. 1974.

Consultant: Peer Review Committee, National Cancer Institute - Feb.
1975.

Teaching Affiliation: Arranging and teaching a postgraduate course on
"The Molecular Biology of Tumor Viruses", University
of Sao P^ulo, Brazil - June 1974.

Honor: Awardee, 1975 Gerhard-Domagk Prize for Experimental
Cancer Research. Official Prize, West Germany

Publications:

1. Eron, L., Callahan, R., and Westphal , H.: Cell-free Synthesis of
Adenovirus Coat Proteins. J. Biol. Chem . 249: 3296-3300, 1974.

2. Eron, L., Westphal, H., and Callahan, R.: In vitro Synthesis of Adenovirus
Core Proteins. J. Virol . 14: 375-383, 1974.

3. Eron, L., and Westphal, H.: Cell-free Translation of Highly Purified
Adenovirus Messenger RNA. Proc. Nat. Acad. Sci . , USA 71: 3385-3389,
1974.

4. Westphal, H., Eron, L., Ferdinand, F.-J., Callahan, R., and Lai, S.-P.:

Analysis of Adenovirus Type 2 Gene Functions by Cell -free Translation of

Viral Messenger RNA. Cold Spring Harbor Symp. Quant. Biol . 39: 575-579,

1974.

5. Eron, L., Westphal, H., and Khoury, G.: Posttranscriptional Restriction
of Human Adenovirus Expression in Monkey Cells. J. Virol . , in press.
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Project No. Z01 HP 00072-08 LMG
1. Laboratory of Molecular Genetics
2.

3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Molecular Aspects of the Differentiation of Embryonic Chick

Lens Fibers in vivo and in Tissue Culture

Previous Serial Number:

Principal Investigator:

Other Investigators:

Cooperating Units:

HD-LMG-3

Joram Piatigorsky

Peggy Zelenka
Leonard M. Mil stone

David C. Beebe

Nelson N.H. Teng, Ph.D. and

Vernon M. Ingram, Ph.D., Department

of Biology, Massachusetts Institute

of Technology, Cambridge, Massachusetts

Man Years:

Total

:

Professional

:

Other:

Project Description:

4

4

Objectives : The objective

quence of events leading to

and to understand the regu1

fiber is chosen as a model

First, it involves marked c

degeneration) and synthesis

is 5-crystallin) . Secondly
takes place in tissue cultu

of this research is to describe in detail the se-

the normal differentiation of lens fiber cells

atory mechanisms at the molecular level. The lens

system to study cell differentiation for 2 reasons.

hanges in morphology (cell elongation and nuclear

of lens specific protein (80% of the cell protein

the process of lens fiber cell differentiation

re and thus is amenable to experimental analysis.

Methods Employed : mRNA was phenol extracted from embryonic chick lens fibers

and purified by ol igo(dT)-cellulose chromatography. 6-Crystallin was purified

from lens fibers by isoelectric focussing in sucrose density gradients.

Analyses involved conventional biochemical techniques, such as ultracentrifuga-

tion, electrophoresis, isoelectric focussing, and molecular hybridization.
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Major Findings :

1 - Demonstration of a unique pattern of histones in embryonic chick lens cell
nuclei

.

Histones from nuclei of nondividing lens fiber and lens epithelial cells
have been compared with histones from nondividing erythroid cells, and from
dividing fibroblasts; all cells were derived from chick embryos. Lens fiber
and lens epithelial nuclei contain a very large amount of a characteristic Fl
histone, but they do not have the specific F2c histone characteristic of the
chick erythroid nucleus. Neither the lens fiber Fl histone nor the F2c
histone are found in fibroblast nuclei.

2. Demonstration of a changing pattern of protein synthesis during lens fiber
cell differentiation in vitro .

Cells in the central region of 6-day-old embryonic chick lens epithelia
display morphological and biochemical changes, when cultured in medium supple-
mented with fetal calf serum, comparable to those of lens fiber cells differen-
tiating in vivo . The rates of synthesis of total protein and of the lens
crystal 1 ins (a-, B- and 6-crystallin) were quantitated during the first day
of culture by measuring (1) ^H-valine incorporation into bulk proteins and
into the crystal 1 ins (identified by immunoprecipitation and electrophoresis),
(2) the specific radioactivity of picomolar amounts of intracellular valine
(determined by analysis of the I'+C-dansyl -derivative of ^H-valine), (3) the
amount of protein degradation occurring during the labeling period (estimated
by "pulse-chase" experiments with cycloheximide) , and (4) the number of cells
in the explants (counted following dispersal with trypsin-EDTA) . Total
protein synthesis increased 1.7-fold per cell during the first 5 hrs in

vitro . After 24 hrs of culture, synthesis of the noncrystallin proteins
decreased to 1.1 to 1.2 times their original rate, while the a- and 6-

crystallins maintained the higher rate of synthesis. In contrast, 6-

crystallin synthesis increased an additional 1.7 to 2.0-fold per cell. Thus,

the quantitative control of crystal 1 in synthesis during lens fiber cell

differentiation in vitro is not coordinately regulated, and 6-crystall1n
synthesis is differentially stimulated.

3. Demonstration of the size and reverse transcription of 6-crystallin mRNA .

6-Crystallin mRNA from lens fibers of 15-day-old chick embryos was

purified by oligo(dT)-cellulose chromatography followed by sucrose gradient

centrifugation. The molecular weight of the purified mRNA as measured by

formamide-polyacrylamide gel electrophoresis was approximately 680,000, which

corresponds to about 2200 nucleotides. Reverse transcriptase from avian

myeloblastosis virus was used to synthesize ^H-cDNA from 6-crystallin mRNA.

Synthesis of ^H-cDNA did not require the addition of oligo(dT) orimer. The

3H-cDNA was heterogeneous in size with some products as large as the

mRNA. The hybridization of 6-crystanin mRNA to 3H-cDNA fractions 2200

and 1100 nucleotides long was examined in detail. More than 90% of the

3H-cDNA of either size hybridized to 6-crystallin mRNA. The ^o^l/2
°^ ^^®

hybridization reactions was a function of ^H-cDNA length. The ^c,-\in value

for 3H-CDNA 2200 nucleotides long was 1.9 x lO'"* mole sec/1; that fbr ^H-cDNA
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nOO nucleotides long was 7.5 x 10"'* mole sec/1. Both values are of the

same order of magnitude as reported for other purified mRNAs and their comple-

mentary DNAs. The 6-crystallin 3H-cDNA:mRNA hybrid melted sharply at 87°C in

0.1 M NaCl , indicating accurate base-pairing.

4, Demonstration of 5-crystallin mRNA accumulation during lens fiber cell

differentiation .

Quantitation of 6-crystallin mRNA by molecular hybridization to a ^h-DNA
complementary to 6-crystallin mRNA demonstrated that differentiation, both ijx ^

ovo and in tissue culture, is associated with the accumulation of 6-crystallin
mRNA. The accumulation of 6-crystallin mRNA in the cytoplasm can quantita-
tively account for the differential stimulation of 6-crystallin synthesis in

tissue culture.

5. Demonstration of a posttranslational modification of 5-crystallin in the

embryonic chick lens .

"Pulse-chase" experiments demonstrated that newly synthesized 6-

crystallin is posttranslational ly modified in the cultured, 15-day-old embryonic
chick lens. Analysis by isoelectric focussing in sucrose density gradients
showed that the posttranslational modification of 6-crystallin results in a

small decrease in its average isoelectric point, amounting to approximately
0.1 of a pH unit. The subunit molecular weight of 6-crystallin before and
after modification was indistinguishable by electrophoresis in sodium dodecyl
sulfate-polyacrylamide gels. This posttranslational modification should be

considered when accounting for the reported electrophoretic heterogeneity of 6-.

crystal 1 in.
'

Significance to Biomedical Research and the Program of the Institute : These
studies contribute to our knowledge of the mechanisms of cellular differentia-
tion and, especially, to specific protein synthesis during development. In

addition, the detailed analysis of the lens crystallins relate to our under-
standing of the function of the eye lens in its role of refracting light and
thus, ultimately, add to our knowledge of cellular transparency and the cause
of the loss of such transparency, as occurs in lens cataracts.

Proposed Course of Project : The differentiation of embryonic chick lens
fiber cells will be studied further. Emphasis will be placed on the regulation >

of mRNA and protein synthesis and on the subunit composition of the lens j

crystallins.

Keyword Descriptors:

chick embryo, lens> cellular differentiation, lens crystallins, messenger
RNA, specific protein synthesis, cell elongation, microtubules, molecular
hybridization, protein structure.

Honors and Awards:

Chairman, Session on Cellular Differentiation, American Society for Cell
Biology - Nov. 1974.
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Publications:

1. Piatigorsky, J.: Differentiation of lens fiber cells: A brief review
of recent developments. Develop. Biol . 40: 721-723, 1974.

2. Teng, N.N.H., Piatigorsky, J., and Ingram, V.M.: Histones of Chick
Embryonic Lens Nuclei. Develop. Biol . 41: 72-76, 1974.

3. Milstone, L.M. , and Piatigorsky, J.: Rates of protein synthesis in

explanted embryonic chick lens epithelia: Differential stimulation
of 6-crystallin synthesis. Develop. Biol . 43: 91-100, 1975.

4. Piatigorsky, J.: In vitro lens cell elongation and microtubules. Annals
New York Academy of Sciences, in press.

5. Piatigorsky, J.: Posttranslational modifications of 6-crystallin in the
embryonic chick lens. Exp. Eye Res. , in press.
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Project No. ZOl HP 00073-04 LMG
1. Laboratory of Molecular Genetics
2.

3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Regulation of Antibody Response
I. Mechanisms of consignment of cells to determinant-

specific immunocompetency
II. Promoters and amplifers of antibody biosynthesis
III. Initiation of determinant specific antibody responses

in cell culture

Previous Serial Number HD-LMG-7

Principal Investigator E.E. Hanna

Other Investigators: Martha Hale

Cooperating Units: None

Man Years:

Total

:

Professional

:

Other:

24/12
24/12

Project Description:

Objectives : To explore and delineate mechanisms for regulating pathways of

antibody biosynthesis at the cellular level. Currently much of our effort is

devoted toward understanding the roles of accessory cells (thymus influenced

or derived T-cells). These cells appear to regulate the antibody secretions
of bone marrow derived cells (B-cells). Regulatory effects of T-cells on the

B-cell may be positive (enhancement) or negative (suppression). Whether
both of these effects can be properties of the same T-cell population at dif-

ferent developmental stages during differentiation or whether two different

subpopulations are responsible is not yet understood. The accessory role of

macrophages in these processes is not yet understood but its importance is

recognized by most investigators. We will test for any meaningful direct as-

sociation between macrophages, T-cells and B-cells in our experiments.

We are pursuing an understanding of enhancement and suppression in cell culture.

With respect to enhancement, a helper T-cell effect, we have obtained a similar

helper effect with dibutyryl cyclic AMP in mice rendered T-cell deficient by

thymectomy and more recently in genetically athymic mice. Whether this nucleo-

tide or similar compounds are active moieties of a possible "lymphokine" pro-

i

n
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duct of helper T-cells or whether such compounds activate antibody secreting
B-cells directly remains to be determined.

Methods Employed : These have been described in general in previous reports.
In addition we are now capable of complementing the genetically thymus de-
ficient (nude) mouse lymphoid cell model with T-cells in vivo or in vitro .

It is also possible to remove and/or supplement this cell culture model
system functionally with other cooperating cell types such as macrophages.

Major Findings : Our discovery of the deregulating activity of a streptococcal
exotoxin (SPE) on the antibody responses of rabbits and mice was detailed
previously. We have continued to delineate the mode and site of action of
SPE. We have performed reconstruction experiments using an athymic (nude)
mouse model, which has a cryptic immune system. These mice, or their dispers-
ed immunocytes in culture, were made fully immunocompetent by adoptive
transfer or culture complementation with syngeneic T-cells from donor mice
spleens. Such complemented responses were then also capable of being "deregu-
lated" by SPE. This result was abrogated by treatment of donor cell suspen-
sions with an anti T-cell serum and complement but not by treatment similarly
with an anti immunoglobulin serum demonstrating that T-cells were responsible.
Thus, substantial credence to our premise that SPE inhibits regulatory (suppres-
sor) T-cells has been gained.

We have established a helper T-cell effect of dibutyryl cyclic AMP on

nude mouse immunocytes in culture. Similar results were obtained by the
alternate use of an adenyl cyclase stimulator such as cholera toxin.

In another study we have shown that the chemical addition of haptenic,
chemical groups to cell membranes may create new immunogenic determinants on

cell surfaces which are different from either the cell or the chemical. Such

results may be important in the study of immune responses to neoplasms.

Significance to Biomedical Research and the Program of the Institute :

Ability to regulate or modulate antibody responses selectively will have

great advantage over current generalized immunosuppressive methods. Delinea-

tion of the mode of action of SPE may provide new insite into pathways of

antibody responses. Our results will complement scientific thought on

cellular control mechanisms as well. The demonstration of immune recognition

of new determinants on cell surfaces has great relevance to the concept of

immune survei lance.

Proposed Course of Project : We will carry out experiments to distinguish

between 3 alternate possible modes of SPE action; stimulation of helper T-

cell function after inhibition of the same, or a transient inhibition of a

macrophage-T-cell synergy, or as predicted, inhibition of suppressor T-cells.

We will carry out other experiments questioning the level of intracellular

adenyl cyclase activity in nude cell immunocytes relative to the helper T-

cell function.
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Keyword Descriptors:

Antibody response, immune recognition, immunosuppression, immune surveilance,

T-cells, B-cells, suppressor cells, macrophages, immunocytes, cell membranes,

cell culture, nude mice, neoplasm, haptens, streptococcal exotoxin, cholera-

toxin, cyclic AMP, adenyl cyclase

Honors and Awards: None

Publications:

1. Hanna, E.E., and Hale, M.: Deregulation of Mouse Antibody-forming Cells

In Vivo and in Cell Culture by Streptococcal Pyrogenic Exotoxin.

Infection and Immunity 11: 265-272, 1975.

2. Lambert, W.C., and Hanna, E.E.: Origin of Lymphoid Cell Independent

Plaques (LCIP) in Rabbit PFC Cultures. Proc. Soc. Exp. Biol . Med .,

submitted 1975.

Research Reports at Annual Scientific Meetings :

1. Hanna, E.E., Lambert, W.C., and Hale, M.: Evidence for Formation of

Neodeterminants on Haptenated Sheep Erythrocytes. Ann. Meetings of

Amer. Assoc, of Immunologists , F.A.S.E.B. 1975.

2. Hale, M., and Hanna, E.E.: Modification of Nude Mouse PFC Response,
Adoptively Complemented with Parent Strain Spleen Cells, by Strepto-
coccal Pyrogenic Exotoxin (SPE). Ann. Meeting of the Amer. Society for
Microbiology, 1975.

i

582



Project No. ZOl HD 00074-04 LMG
1, Laboratory of Molecular Genetics
2.

3. Bethesda

PHS-NIH
Individual Project Report

July 1, 1974 through June 30, 1975

Project Title: Regulated Expression During Cell Growth and Differentiation
I. Gene expression during erythropoiesis
II. Gene expression during development of immunocompetency

Previous Serial Number: HD-LMG-6

Principal Investigator: P. Leder

Other Investigators: T. Honjo
S. Or kin

D. Tiemeier
D. Swan
P. Venetianer

Cooperating Units: Dr. Yoji Ikawa

Viral Leukemia and Lymphoma Branch, NCI

Man Years:

Total: 5-1/4
Professional: 3-1/2
Other: 1-3/4

Project Description:

Objectives : To define in genetic and molecular terms the mechanisms which
regulate the flow of genetic information during cell growth and development.
Specific model systems involving the differentiation of red blood cell pre-
cursors and immunocytes have been chosen for detailed studies. These serve

as paradigms to view the process of differentiation as well as to investigate

the organization of the chromosome and its relation to the immune process.

Methods Employed : These investigations have involved a complex, inter-disci-

plinary approach. The model systems that have been chosen to involve the

maintenance in culture of a unique line of erythrocytic leukemia cells, T-3-

Cl-2. This cell, when appropriately treated, undergoes a form of erythroid

differentiation. Initial studies involving the immune system have focussed

on several myeloma tumors which produce specific immunoglobulin light chains.
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Our strategy has involved the isolation of specific mRNAs for globin and
the immunoglobulin light chain using techniques of extraction and affinity
chromatography developed in this laboratory. The purified mRNAs are converted
into their DNA complements using the avian myeloblastosis reverse transcriptase,
a procedure also developed in this laboratory. The DNA complements of these
purified mRNAs are used in hybridization kinetic analyses to determine globin
and immunoglobulin gene dosage, to quantitate respective mRNAs, and to isolate
specific genes from total cellular DNA. Generally these procedures involve
the use of tumors grown in animals, cloned lines grown in culture and the
application of sophisticated biochemical and physical chemical techniques in

the study of these systems.

Major Findings : (1) A method has been developed for the attachment of a

globin DNA reverse transcript to a cellulose matrix. (2) Using this solid
phase cDNA preliminary experiments show that it is possible to isolate the
globin gene from a pool of restriction enzyme fragments of cellular DNA. (3)

A technique has been developed for improved separation of RNA's on acrylamide
gels, under denaturing conditions. (4) a- and 3-mouse globin mRNA's have
been separated and highly purified on such gels. (5) With the aid of cDNA's
made on these highly purified mRNA's it has been possible to quantitate the
a- and 3-globin mRNA's present in different lines of Friend leukemia virus-
infected cells at various stages in their induction. (6) It has been shown
that the a- and B-globin genes are not co-ordinately expressed, but that the

a-gene is expressed first, followed by the |3-gene later, in the induction.

(7) Using these cDNA's it has also been possible to show, within the range
of experimental error, that there are approximately equal numbers of a- and

B-genes present in the cellular genome. (8) Highly purified k mRNA from
myeloma tumor cells has been iodinated and used in competition-hybridization
experiments. (9) By comparison of the competition by either authentic k light
chain mRNA or K-mRNA which is devoid of V-region sequences it can be inferred
that there is a very limited number of k V-region genes present in the mouse
genome. (10) Similar studies have been carried out with A mRNA's, leading
to the conclusion that there is also a wery limited number of A V-region
genes. (11) Mery highly radioactivity labeled K-chain has been synthesized
in vitro in the wheat germ system and has been shown by sequence analysis, in

the case of MOPC-41 , to contain an N-terminal precursor sequence of at least
50 amino acids.

Significance to Biomedical Research and the Program of the Institute : These
studies are directed towards understanding the fundamental processes involved
in the expression of genetic information. These processes are obviously
relevant to the normal and abnormal embryonic differentiation, maturation and

to the orderly development and function of the human organism. In addition
to the relevance of these studies to inherited disorders, the work is also
relevant to the process of oncogenesis as well as to disease processes which
are polygenic such as diabetes, hypertension and susceptibility to oncogenic
disorders. Our current findings have provided a means for studying the

regulated expression of specific genes in higher organisms. These are particu-
larly relevant to determining the pathophysiology of thalassemia. These
techniques may also prove useful in the direct transmission of genetic charac-
teristics from cell to cell in vitro.
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Proposed Course of Project : With the aid of solid matrix bound cDNA we in-
tend to isolate individual genes for a- and B-globin and for immunoglobulin
light chains. These will then be used in in vitro transcription experiments
designed to study the regulatory mechanisms involved in the control of these
genes. This type of study with different lines of immunoglobulin secreting
cells should also enable us to elucidate the organization of the antibody-
encoding DNA in the genome. We plan also to carry out hybridization experi-
ments with a cDNA which represents only the V-region, This should enable us
to determine the genetic mechanism involved in V-region diversity production.

Keyword Descriptors:

Erythroid differentiation, a- and 6-globin RNA's, differentiation transcription,
solid phase cDNA, globin genes, immunoglobulin genetics, V-region diversity,
in vitro precursors

Invited Lectures and Lectureships:

1. Scholars Series Lectures, New York University, New York - Nov. 1974.

2. Department of Biology, Massachusetts Institute of Technology, Cambridge,

Massachusetts - Nov. 1974.

3. Symposium on Molecular Immunology, 7th Annual Miami Symposium, Miami,

Florida - Jan. 1975.

4. Opening Lecture, Annual Meeting of the Israel Biochemistry Society,

Rehovoth, Israe - March 1975.

5. Visiting Professor, Department of Biochemistry, University of Minnesota,

School of Medicine, Minneapolis, Minnesota - April 1975.

Publications :

1. Ross, J., Gielen, J., Packman, S., Ikawa, Y., and Leder, P.: Globin

Gene Expression in Cultured Erythroleukemic Cells. J. Mol . Biol . 87:

697-714, 1974.

2. Honjo, T., Packman, P., Swan, D., Nau, M., and Leder, P.: Organization

of Immunoglobulin Genes: Reiteration Frequency of the Mouse k Chain

Constant Region Gene. Proc. Nat. Acad. Sci., USA 71: 3659-3663, 1974.

3. Venetianer, P., and Leder, P.: Enzymatic Synthesis of Solid Phase-Bound

DNA Sequences Corresponding to Specific Mammalian Genes. Proc. Nat.

Acad. Sci., USA 71: 3892-3895, 1974.

4. Leder, P., Honjo, T., Packman, S., Swan, D., Nau, M., and Norman B.:

The Organization and Diversity of Immunoglobulin Genes. Proc. Nat.

Acad. Sci., USA 71: 5109-5114, 1974.

5. Orkin, S., Harosi, F., and Leder, P.: Differentiation in Erythroleukemic

Cells and Their Somatic Hybrids. Proc. Nat. Acad. Sci., US A 72: 98-102,

1975.

6. Leder, P., Honjo, T., Swan, D., Packman, S., Nau, M., and Norman, B.:

The Organization and Diversity of Immunoglobulin k and A Genes. Molecu -

lar Approaches to Immunology , in press.
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NICHD Annual Report

July 1, 1974 through June 30, 1975

Neonatal and Pediatric Medicine Branch

The Neonatal and Pediatric Medicine Branch, originating in December, 1974,

conducts basic and clinical research in lung development; nutrition of the new-

born and especially the premature infant; calcium metabolism and transport in

the newborn; amino acid transport and metabolic pathways in various inborn

errors of metabolism; pharmacogenetics of oxidative and conjugating drug-

metabolizing enzymes; and molecular teratology and toxicology.

In the Section on Developmental Biology and Clinical Nutrition , interests

center on the regulatory mechanisms involved in the functional and anatomic

maturation of developing organs, with emphasis on biochemical development of

the lung in relation to synthesis of surface-active choline .phosphoglycerides

(surfactants) . Various hormones (e^.g^. Cortisol and thyroxine) are studied
with respect to their effect on lung maturation, since such maturation is

important in the prevention of neonatal respiratory distress syndrome (hyaline

membrane disease)

.

It has become increasingly clear in recent years that a decrease in content of

lung surfactant (composed primarily of highly saturated lecithin or phospha-
tidylcholine) is causally related to respiratory distress syndrome. Although
the etiology of this disorder is not completely understood, a metabolic derange-
ment in lecithin biosynthesis is highly suspected. Our results of cytochemical
studies in animals and in tissue culture indicate that the type II alveolar
pneumonocytes are the primary cellular sources of surface-active phospholipid.
Conversion of choline to the phosphoglyceride involves three enzymic reactions:

(1) phosphorylation of choline, (2) activation of phosphorylcholine to the

cytidine diphospho-choline intermediate, and (3) incorporation of phosphoryl-
choline into 1,2-diacylglycerol to form lecithin. Most likely, the rate of

one or more of these reactions increases during the normal development of

lung, thereby elevating the choline content to healthy levels. Because the

reaction rates are probably modulated by genetic regulation of enzymes cata-
lyzing these key reactions, this hypothesis has been examined by initially
determining choline kinase and choline phosphotransferase activities in develo-
ping fetal rat lung. In addition, the role of corticosteroids and other
hormones in controlling lung maturation and lung lecithin synthesis is being
assessed in both fetal and newborn animals. Lung lecithin concentration and
the isotopically-measured rate of lecithin synthesis have been shown to increase
during the latter 10-20% of gestation for fetal rabbit, rat, and monkey. The
principal pathway for lung lecithin synthesis was found to be the choline in-
corporation route rather than phosphatidylethanolamine methylation, as claimed
by others.

The use of techniques discovered elsewhere that permit (by amniotic fluid phos-
pholipid analysis) the prenatal identification of infants at high risk for
respiratory distress syndrome has indicated that these methods provide in
primates a specific and direct index of the state of fetal lung maturity.
Tissue-slice experiments with lungs from term fetal rats and studies with fetal
Rhesus monkeys in situ have indicated that the choline pathway is inhibited
markedly in the presence of pH values less than and greater than 7.4. Correct-
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ion of acidosis in vitro alters the reaction rate to levels approximating those
of pH 7.4—simulating the clinical correction of acidosis by alkali therapy.
The similarity of pH effects on the overall choline incorporation rate and
pathway enzyme activities suggests that hydrogen ion effects on lecithin syn-
thesis are mediated via key catalysts in the phosphorylation of choline. Admin-
istration of corticosteroids to the fetus has been found to enhance the rate
of lecithin synthesis within 6 hours after injection and increases the acti-
vity of choline phosphotransferase.

By analysis of vital statistics data, the national epidemiology of respiratory
distress syndrome—including numerous risk factors and estimated costs—has
been ascertained for the first time. These data will be useful in planning
neonatal intensive care facilities and will provide, on a national basis, a
baseline for later evaluation of newer therapeutic methods.

With respect to the regulation of fetal lung surfactant synthesis, promising
experimental leads which are currently being pursued include: (1) search for
other agents which stimulate lecithin biosynthesis; (2) developmental and bio-
chemical characterization of lung cells in tissue culture, and (3) isolation
of key enzymes in the relevant biosynthetic pathways for surfactant. In
addition, fetal monkeys given prenatal corticosteroids are being studied
comprehensively, with respect to lung metabolism and to possible side effects
on other developing organs such as brain, liver, and kidney. With regard to

human investigations, post mortem specimens from infants succumbing to respi-
ratory distress syndrome are being studied for evidence of enzyme deficiencies.
Other new programs being planned include (1) nutritional and metabolic studies
in the newborn, and in particular the low-birth-weight premature infant; (2)

examination of the effects of trace elements, vitamins, and various protein-
supplemented diets on growth and development in the normal premature infant,
the low-birth-weight infant, and infants suffering from various intestinal
malabsorption maladies; and (3) elucidation of the causes and manifestations
of neonatal hypocalcemia.

The Section on Human Biochemical and Developmental Genetics investigates
human inborn metabolic disorders, with special emphasis on cystinosis and

other defects in sulfur amino acid metabolism. Exploration of the molecular
basis of these diseases and development of new therapeutic modalities are

major research goals. Other areas of interest include: cellular amino acid
transport; lysosomal structure and function; role of amino acids in fetal and
neonatal nutrition; in vitro fertilization of mammalian oocytes; the biochem-
istry of early embryonic development; and the study of endocrine and biochem-
ical factors which regulate the metabolism of ovarian cells in vitro.

We have shown that low molecular weight compounds known to interact with
cystine may be incorporated into liposomes (artificial lipid vesicles) and

that these liposomes may be taken up by cystinotic cells in vitro with resul-

tant depletion of their intracellular cystine content. Cysteamine is the most
effective of the compounds tested in the liposome system. This sulfhydryl
compound has demonstrated efficacy in depleting leukocyte cystine content in

cystinosis patients, but has significant toxic effects. Experiments are under-
way in animal models to utilize liposome-enclosed cysteamine and cystamine

to act selectively on cells of the reticuloendothelial system (where most
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cystine is stored in cystinosis) while minimizing toxicity by this route of

drug administration. In collaboration with investigators at the University of

California at San Diego, the Section is participating in a controlled clinical

trial of the efficacy of large doses of ascorbic acid (which partially depletes

intracellular cystine in vitro ) administered to cystinotic children. We have

also participated in a study of cystinotic children treated with renal trans-

plantation that has shown, among other findings, that such children develop a

progressive retinopathy without evidence of accompanying visual impairment.

The Section has investigated the enzyme gamma-glutamyl transpeptidase, which

has been postulated by others to be an enzymatic mediator of mammalian amino

acid transport. We have shown that the enzyme is associated with the placen-

tal and embryonic tissues of several mammalian species, and have characterized

its amino acid specificities in human tissues. We have shown that cystine is

a potent amino acid acceptor in the transpeptidase system, and have also estab-

lished that in iiver and leukocytes the enzyme is associated with lysosomal

cell components. Moreover, we have discovered a new human inborn error of

metabolism, glutathionuria, and have shown that the disease is caused by a

marked tissue deficiency of the transpeptidase. These observations now permit

critical examination of the importance of the transpeptidase in normal amino

acid transport in man, and in glutathione metabolism. We have also shown that

cystinotic and cystinuric tissues do not manifest abnormalities in the content,

biochemical properties, or subcellular distribution of the transpeptidase,

despite the potency of cystine in the transpeptidation reaction.

In collaboration with other NIH investigators, we are examining the relation-

ship between various biochemical abnormalities in homocystinuric patients and

their related thromboembolic problems that are reported to be associated with

decreased platelet survival. Our studies so far have failed to confirm the

presence of decreased platelet survival in homocystinuric patients, and call

into question some commonly accepted ideas about the mechanism of thrombo-

embolism in these seriously ill patients.

Electron microscopic observations of amniotic fluid cells and fibroblasts in

culture from normal individuals and patients with selected genetic disorders

have been performed by methods which fix and embed the cultured cells in the

monolayer, and without the need for disruption of cell architecture by

detaching them from the surface of the culture dish. Pictures thus obtained

are superior to prior methods in the accurate depiction of intracellular

architecture and are of interest in the application of electron microscopy

to antenatal diagnosis of storage disorders.

Investigators in our Section are using the hypophysectomized estrogen-primed

rat as a source of ovarian granulosa cells for propagation in tissue culture.

We have recently been successful in the culture of these cells ia the presence

of exogenous estrogen, and a variety of studies are underway to investigate

the regulation of luteinization and synthesis of components of follicular

fluid by these cells. Electron microscopic studies of granulosa cells during

estrogen stimulation in vitro and in situ have been performed, and are being

correlated with biochemical and endocrinologic parameters.
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In collaboration with the Pregnancy Research Branch we are studying the
influence on amino acid metabolism of hyperalimentation via the enteral and
several parenteral routes in the newborn primate. Data from these studies
should be helpful in elucidating the consequences of hyperalimentation in the
human newborn.

The Section on Developmental Pharmacology studies the subcellular processes
involved in the "induction" of pharmacologically important enzymes by drugs,
polycyclic hydrocarbons, or insecticides (j^- e^. , xenobiotics) . The combination
of these environmental stimuli and the host's genetic constitution influence
the levels of these monooxygenase activities in maternal tissues, in the

placenta, and transplacentally in fetal tissues. Consequently, we are concerned
with (1) the interrelationship between genetic expression and environmental
stimuli, (2) possible effects of xenobiotics on normal fetal growth and

development, (3) mechanisms of "pharmacological immaturity" of the premature

and newborn, (4) mechanisms of disease of the fetus and newborn involving
oxidative and conjugative metabolism of normal body substrates such as steroids

and bilirubin, and (5) possible therapeutic and diagnostic procedures for aiding

and predicting pharmacogenetic disorders and teratogenic effects in the fetus

and neonate.

With the use of inbred strains of mice, we have determined that the "induction"

of at least ten drug-metabolizing enzyme activities can segregate as a single

autosomal dominant or codominant trait or that the lack of "induction" can be

expressed dominantly—depending on the inbred strains crossed. The simplest

genetic model which fits most of the data is regulation by two non-linked loci,

each having at least three alleles, or gene products; the possibility of an

interstrain-specif ic suppressor gene is also being investigated. A new hemo-

protein, cytochrome P^450, is always concomitantly synthesized during the

induction process. In mice in which the induction process and P 450 fonnation

are relatively "nonresponsive" to aromatic hydrocarbons such as 3-methylchol-

anthrene or 5, 6-benzof lavone, these parameters are fully expressed by admini-

stration of a compound having extremely high avidity for all tissues, 2,3,7,8-

tetrachlorodibenzo-£-dioxin; it thus appears that the "nonresponsive" mice have

the necessary regulatory and structural genes necessary for cytochrome P^450

formation and induction of these enzyme activities and that the difference

reflects a defective "receptor binding-site" for the aromatic hydrocarbon

inducers in the "nonresponsive" mice.

With fetal cell cultures derived from the entire hamster or mouse, from rat

or mouse liver, and most recently from established cell lines of rat or mouse

hepatoma or normal liver origin, we have developed an experimental model having

certain advantages over studies in the intact animal. However, of the two

possible forms of aryl hydrocarbon hydroxylase activity found in the intact

animal, we have discovered that only one form is induced in fetal liver or

hepatoma cell culture, regardless of the type of inducer used in the growth

medium; we suggest that one should therefore be cautious in the extrapolation

of certain results found in cultured cells to the actual situation existing in

the intact animal. The kinetics of hydroxylase induction by 2,3 ,7 ,8-tetra-

chlorodibenzo-£-dioxin in the growth medium has been studied in ten established

cell lines, in human lymphocytes, and in fetal primary liver cultures from

five species of animals; a bioassay with H-4-II-E (Reuber rat hepatoma) cell
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cultures is suggested for the detection of minute (10 '^ mole) levels of

2,3,7,8-tetrachlorodibenzo-2^-dioxin—a synthetic byproduct of the defoliant

2,4,5-triphenoxyacetic acid that currently is an increasingly serious problem

of environmental pollution and toxicity.

A bacterial mutagenesis assay and genetic differences in microsomal CO-binding

cytochromes were combined in vitro to evaluate the metabolic activation of

several known carcinogens to frameshift mutagens. With the use of liver frac-

tions from C57BL/6N and DBA/2N control mice and mice treated in vivo with 3-

methylcholanthrene, 3-naphthoflavone, phenobarbital, or 2,3 ,7 ,8-tetrachloro-
dibenzo-£-dioxin, the in vitro mutagenicity of 3-methylcholanthrene, 6-amino-

chrysene, and 2-acetylaminof luorene—but not benzo [a]pyrene— is closely associ-

ated with the genetically mediated difference in both aromatic hydrocarbon-
inducible aryl hydrocarbon (benzo[a]pyrene) hydroxylase activity and new
cytochrome P 450 formation. 3-Methylcholanthrene, 6-aminochrysene, and 2-

acetylaminof luorene—but not benzo [a]pyrene—are each more mutagenic in vitro
per molecule of cytochrome P 450 than per molecule of CO-binding cytochrome
other than P 450.

The susceptibility to tumorigenesis produced by the subcutaneous administration
administration of 3-methylcholanthrene is highly correlated with the geneti-
cally mediated presence of aryl hydrocarbon hydroxylase induction in 14 strains
of mice. There is no such relationship among inducible hydroxylase activity
and (1) subcutaneous treatment with 7,12-dimethylbenz [ajanthrene or benzo[a]-
pyrene, (2) intraperitoneal administration of benzo [ajpyrene, or (3) topical
application of 7, 12-dimethylbenz [a] anthracene or benzo [a]pyrene and promotion
by phorbol ester.

We have demonstrated that what appears to be a single-gene difference

—

"aromatic hydrocarbon responsiveness"— in the mouse is associated with: (1)

increased susceptibility to 3-methylcholanthrene- initiated tumors; (2) decre-
ased zoxazolamine paralysis time; (3) increased susceptibility to 7 , 12-dimethyl-
benz [a] anthracene-produced skin inflammation; (4) decreased survival time when
exposed to large doses of polycyclic aromatic compounds or polychlorinated
biphenyls given intraperitoneally; (5) increased resistance to the insecticide
lindane given intraperitoneally; (6) increased resistance to polycyclic hydro-
carbons or lindane given orally; (7) decreased survival time when given poly-
chlorinated biphenyls orally; and (8) increased hepatic necrosis and tumors
caused by N-acetylarylamines. Death in the nonresponsive mouse ingesting
benzo [a]pyrene is due to toxic chemical depression of the bone marrow. These
data suggest that the susceptibility to cancer, metabolism of drugs, and the
life span of animals exposed to certain environmental compounds can be markedly
influenced by a single gene or a very small number of genes. Moreover, the
same genetic trait can be either beneficial or detrimental to the animal,
depending on whether detoxification or metabolic potentiation occurs. An i

increased incidence of lung cancer in man has been correlated with living in
highly polluted urban areas. It is therefore possible that differences

—

caused by a single gene or a very small number of genes— in man are related
to increased susceptibility to cancers, tissue necrosis, drug metabolism, bone
marrow disorders, and decreased life span caused by exposure to foreign com-
pounds. It is with this possibility in mind that we are searching for drug
metabolism measurements in cultured human lymphocytes by which one can predict

i
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pharmacogenetic differences when certain drugs are given to the patient.

Other new or planned programs include (1) study of genetic differences in the
metabolism of diphenylhydantoin, N-acetylarylamines, hexobarbital, and benzo-
diazepines (tranquilizers) in mice and in man; (2) an attempt to correlate
susceptibility to birth defects with genetically-mediated differences in
aromatic hydrocarbon "responsiveness;" (3) investigation of genetic differences
in the regulation of the drug-conjugating enzyme system(s) in mice and in cell
culture; (4) development of a bioassay for determining in human breast milk
that factor which causes neonatal jaundice; (5) elucidation of the role of

vitamin A (retinoic acid) in carcinogenesis, toxicology, and teratology; and

(6) pharmacogenetic differences in drug metabolism and lens opacities in the

eye.
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Project Description:

Objectives : Studies on organ development have focused on fetal and neonatal
lung as related to respiratory distress syndrome (RDS) or hyaline membrane
disease. This disorder occurs in premature newborns, is characterized by pro-
gressive pulmonary atelectasis, and accounts for greater mortality and morbidity
than any other neonatal disorder or pediatric pulmonary disease. It has become
clear in the last several years that a decrease in the concentration of lung
surfactant (composed primarily of disaturated lecithin or phosphatidylcholine)
is causally related to RDS. By implication, a decreased rate of pulmonary
lecithin synthesis is the likely pathogenic factor in the disease. In order
to avoid neonatal atelectasis, it appears essential for the fetal lung in late
gestation to increase its capability for lecithin synthesis and elevate the

concentration of intracellularly stored phospholipids. Thus, prior to birth,
lecithin synthesis in fetal lung must be carefully controlled such that accele-

1
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ration is initiated at the proper time in gestation. Accordingly, our studies
have been directed toward elucidating: (1) the relative contributions of the
two pathways for de novo lecithin synthesis; (2) the gestational timing of
increased lung lecithin production; and (3) biochemical mechanisms by which
lecithin synthesis is regulated. In addition, various clinical studies are
being pursued in collaboration with others. Since some investigators have
claimed that pronounced species specificity occurs with regard to lung biochem-
istry, several species (both adult and fetus) are being examined, including
human, monkey, rabbit, and rat. Investigations are also being carried out in
tissue culture with isolated type II pneumonocytes, the cells principally
responsible for lecithin production in whole lung. The key question of what
factors regulate lung lecithin synthesis is being approached by studies on the
enzymes and substrates of each reaction in the two pathways. Based on several
observations, it seems likely that the rate of one or more of these reactions
increases in developing fetal lung. Since modulation of reaction rates is
achieved mainly by control of enzymes catalyzing key reactions, this hypothesis
has been examined by initially determining the three enzymes of the choline
pathway in developing fetal rat lung. In addition, the role of corticosteroids
and other hormones in controlling lung maturation and lung lecithin synthesis
is being assessed in both fetal and newborn animals.

Methods Employed : Lecithin synthesis is measured using thin layer chromato-
graphy in conjunction with isotope incorporation studies with lecithin precur-
sors. The latter techniques have been applied both in vitro with lung slices
and type II cells and in vivo with fetal Rhesus monkeys injected in situ with
^H-choline and C-ethanolamine; the highly differentiated type II cells are
grown for this purpose with specialized tissue culture methods. Activities
of the enzymes in the choline pathway (choline kinase, cytidyl transferase,
and choline phosphotransferase) are measured by newly developed techniques
using isotopically labelled substrates. Rabbit, rat, and monkey fetuses have
been injected with corticosteroids in utero and evaluated after various periods

of time with respect to lecithin synthesis and enzyme activities. Additionally,

decapitated rat fetuses, corticosterone-def icient and low in lung lecithin,

have been utilized as a model of hormone deficiency. Inhibitors of protein

synthesis, such as cycloheximide and actinomycin D have been employed in order

to define the specific site of action for corticosteroids in fetal lung lecithin

synthesis. Analytical procedures employed for isolation and quantitation

include: (1) thin layer and column chromatography, (2) electrophoresis, (3)

recording spectrophotometry, and (4) scintillation counting.

Major Findings : Fetal lung lecithin concentration and the isotopically-

measured rate of lecithin synthesis have been shown to increase during the

latter 10-20% of gestation in rabbits, rats, and monkeys. The principal path-

way for lung lecithin synthesis was found to be the choline incorporation

route (I) rather than phosphatidylethanolamine methylation (II) as claimed by

others. The use of techniques discovered elsewhere that permit (by amniotic

fluid phospholipid analysis) prenatal identification of infants at high risk

for RDS has indicated that these methods provide a specific and direct index

of the state of fetal lung maturity in primates. Tissue slice experiments

with lungs from term fetal rats and studies with fetal Rhesus monkeys in situ

have indicated that the' choline pathway is inhibited markedly in the presence

of pH values less than 7.4. Correction of acidosis in vitro alters the
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reaction rate to levels approximating those of pH 7.4, simulating the clinical

correction of acidosis by alkali therapy. The similarity of pH effects on

the overall choline incorporation rate and pathway enzyme activities suggests

that hydrogen ion effects on lecithin synthesis are mediated through key

catalysts in the pathway I sequence.

Administration of corticosteroids to the fetus has been found to enhance the

rate of lung synthesis within six hours after injection and increases the

activity of choline phosphotransferase (CPT) . Corticosterone-def icient rat

fetuses show low lung CPT activity and lecithin synthesis via choline incorpo-

ration; this may be increased to normal within six hours after a physiological

dose of dexamethasone. In normally developing fetal rats, measurement of lung

choline kinase, cytidyl transferase, and choline phosphotransferase as a func-

tion of gestational age revealed that the former two rise significantly at

19-20 days and the latter increases to a peak value at 20-21 days. These en-

hanced enzyme activities develop within 24 hours after the demonstrated physio-

logic elevation in fetal plasma corticosterone. Isolated type II cells have

been shown to possess many of the biochemical properties of whole lung. The

major pathway of lecithin synthesis was found to be the choline route, and it

has been demonstrated that all three pathway enzymes are present in L-2 cells.

Furthermore, in comparison with whole rat lung (the parent material) , enzyme

specific activities of L-2 cells, reflecting enzyme content, show 10-fold
enrichment. It has also been shown that hormones such as thyroxin and hydro-

cortisone are capable of significantly influencing the enzymes of the choline
pathway.

Significance to Biomedical Research and the Program of the Institute : Prior

to 1971, despite the overwhelming importance of the respiratory distress
syndrome as a community health problem, very little was known in general about
lung biochemistry and in particular about the synthesis of surface active
lecithin by fetal and newborn lung tissue. In order to identify the metabolic
"error" presumably responsible for RDS , basic features of the lecithin bio-
synthetic pathway must be determined, including those factors which regulate
rates of phospholipid production. Our studies have thus far indicated that

the choline pathway is principally responsible for surfactant-lecithin bio-
synthesis. Changes in this pathway correlate with development of pulmonary
functional maturity. Results for fetal rat lung suggest that choline pathway
enzymes are important in the physiologic initiation of enhanced lecithin
synthesis through pathway I. Corticosteroids have been identified as powerful
inducers of lung lecithin synthesis, an action mediated by enzyme induction.
Promising data from clinical trials elsewhere suggest that these pharmacologic
agents may be useful in the prevention of the respiratory distress syndrome.

Proposed Course of Project : To define further the regulation of fetal lung
surfactant synthesis, we plan to pursue several promising experimental leads
which include: (1) study of stimulatory agents other than Cortisol; (2) deve-
lopmental and biochemical evaluation of lung cells in tissue culture; and (3)

isolation and kinetic study of key enzymes in the relevant biosynthetic pathway.
With regard to human investigations, post mortem lung specimens from infants
succumbing to RDS are being studied biochemically.
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Objectives : We are studying the dynamics of pubescence from several aspects.

Urinary hormone (gonadotropin) excretion patterns around the time of puberty
are being determined to understand better the process of pubescence and repro-

ductive cycles in man. Clinical parameters of skeletal metabolism are also

being studied in the same subjects to correlate these with the process of

pubescence during which ultimate height is established. Similar studies of

hormonal function and calcium metabolism and kinetics are also being under-

taken in the period around birth to understand better and to aid the newborn

infant in its adjustment to extrauterine life.

Methods Employed : Radioimmunoassay of gonadotropins; computer analysis of the

data using autoregressive filtering techniques; urinary hydroxyproline and

serum alkaline phosphatase, calcium, phosphorus, magnesium, total protein,

quantitative albumin, pH, and ionized calcium measurements; calcium kinetic

studies using stable isotopes and noninvasive urinary collection techniques

for sample aquisition in newborn infants; prepartum studies in nonhuman
primates by cannulation of the interplacental vessel.

Major Findings : To date, 43 persons have participated in the study of pubes-

cence and specimens have been completely analyzed from 14 of the girls. These

data have disclosed for' the first time monthly hormonal (gonadotropin) cycles

before the onset of menstrual periods. Preliminary results from the skeletal
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metabolism measurements reveal a marked decline in hydroxyproline and alkaline
phosphatase values during pubertal stage IV, just after menarche. These obser-
vations are consistent with the decline in skeletal growth after puberty.

Significance to Biomedical Research and the Program of the Institute : The
finding of monthly hormonal cycles in girls before puberty suggests that there
may be an important cyclic feedback mechanism operative in girls even before
menstrual periods begin. These studies of the development, onset, and mecha-
nism of reproductive function will help us understand and treat disorders of
pubescence and perhaps enable better control of fertility and sterility accord-
ing to the needs of the patient. Understanding the relationship of skeletal
metabolism to the process of pubescence and growth will provide useful clinical
parameters to monitor the growth process and potential during the critical
period of puberty when final height is established. These studies of the
dynamics of pubescence and of developmental endocrinology and metabolism in
the period around birth have a direct bearing on the mission of the Neonatal
and Pediatric Medicine Branch and of NICHD to understand better the process
of growth and development and the disorders which arise in the developing
person.

Proposed Course of Project : The balance of the specimens which have been
collected from the subjects around the time of puberty will be analyzed to

establish further the observations in girls and to investigate the possibility
that male patterns also exist. Steroid measurements will also be made in the

specimens to study possible relationships to the gonadotropin values as our

initial attempts to investigate these cyclic phenomena. Our research will
progressively place more emphasis on endocrinology and metabolism around the

time of birth with initial studies directed toward calcium control and meta-
bolism in the fetus and newborn being undertaken currently.

Phrases and Keywords : Puberty, premenarchal hormone cycles, gonadotropins,

luteinizing hormone, follicle stimulating hormone, autoregressive analysis,

urinary gonadotropins, urinary hydroxyproline.
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Project Description:

Objectives : The basic goals of the project are as follows: (1) to elucidate
the basic biochemical defects responsible for selected inborn errors of meta-
bolism in man; (2) to explore the secondary biochemical and physiological
derangements caused by the primary metabolic defect; (3) to develop new or

improved methods of treatment; (4) to develop new or improved methods of

diagnosis, both postnatal and antenatal; and (5) to use genetically abnormal
cells and patients to expand understanding of normal human biochemistry,
physiology, and development. Since it is not possible for one small group of

investigators to attempt to study the whole range of human biochemical defects,
we have chosen to focus primarily on derangements of sulfur amino acid meta-
bolism and secondarily on miscellaneous derangements in lysosomal function.
Our studies during this year have concerned the sulfur metabolic errors of

(
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cystinosis, cystinuria, homocystinuria, and the newly discovered glutathionuria.

Methods Employed : The principle methods employed are: (1) cell culture
techniques, (2) spectrophotometric, radiochemical, and flourometric enzyme
assays, (3) differential ultracentrifugation, (4) quantitative ion exchange •

chromatography of amino acids in physiological fluids, including cellular
extracts, (5) radioisotope measurements of tritium, carbon-14, and sulfur-35,
(6) light, phase contrast, and electron microscopy, (7) column and thin-layer
chromatography, (8) starch and polyacrylamide gel electrophoresis, (9) osmometry,
and (10) histochemistry.

Major Findings : We have earlier shown that cystinosis is a lysosomal storage
disease, in which cystine is a major compartmentalized metabolite. The meta-
bolic defect persists in cultured fibroblasts, which can be used to test com-
pounds of theoretic merit for their capacity to deplete intracellular cystine.
We have succeeded in incorporating a number of small compounds capable of

interacting with intracellular cystine into liposomes (artificial lipid ves-
icles) , which are known in vivo to be selectively taken up by various tissues.
Liposomes represent a mechanism for the delivery of drugs to certain storage
sites in the intact organism, with a minimum of toxic effects due to distri-
bution of the test compound into such sites as the brain. Liposomes also

undergo endocytosis in the fibroblast model system in vitro . The efficacy of

the following compounds in depleting cystinotic intracellular cystine has

been tested in the fibroblast when the compounds are administered free in

solution or enclosed in liposomes: cysteamine, cystamine, dithiothreitol,
glutathione, lipoic acid, penicillamine, and others. Of major interest is the

apparent enhancement of the salutory effect of cysteamine on cystinotic fibro-

blasts by liposome enclosure. Additional studies on cystinosis have concerned

the evaluation of. the role of the enzyme gamma-glutamyl transpeptidase, a

postulated mediator of amino acid transport, in the cystinotic process. Cys-

tinotic and normal cells contain comparable amounts of this enzyme; isoenzyme

patterns, K values with cystine, heat inactivation curves, and other para-

meters for tne transpeptidase also do not differ between cystinotic and normal

cells. We have demonstrated that cystine is the most potent amino acid sub-

strate for the enzyme, and have also established that some intracellular trans-

peptidase activity is located within lysosomal components of normal and cysti-

notic cells.

We have also studied the activity and properties of gamma-glutamyl transpepti-

dase in renal tissue and urinary protein from normal individuals and patients

with the renal tubular defect, cystinuria, and have shown normalcy of the

transpeptidase activities in this disorder.

We have discovered the basic metabolic defect in a "new" inborn error of

metabolism, glutathionuria. This defect has been shown by us to be due to an

essentially total tissue deficiency of gamma-glutamyl transpeptidase. A power-

ful genetic probe of the role of this enzyme in amino acid transport and in

glutathione metabolism has thus also been discovered, and is the subject of

further work currently.

Additional studies on the gamma-glutamyl transpeptidase have demonstrated its

presence in a variety of human and mammalian embryonic tissues, notably in
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placenta and visceral yolk sac, where a role in fetal nutrition may possibly
be invoked.

Patients with homocystinuria have severe thromboembolic problems which are

often life threatening. It has been stated that there is a reduced platelet
survival in vivo in these patients, concomitant with the elevated levels of

plasma homocystine. We have investigated this phenomenon, and its modification
by alteration of homocystine content, and homocystine/methionine ratios in the

plasma of affected patients. Studies in patients, which are continuing, have

so far demonstrated normal, rather than reduced, platelet survival even in

severely affected patients.

Electron microscopic examination of culture cells have generally suffered
from artifacts and structural derangements introduced in these cells during
the preparation of cell pellets prior to fixation and embedding. Using our
new technique which obviates these difficulties by permitting in situ fixation

and embedding of cells in the monolayer, we are studying cells from cystinotic,

glutathionuric, and other genetically abnormal sources and obtaining a more
accurate view of the ultrastructural abnormalities in these disorders. The

same methods have been applied to the study of cultured amniotic fluid cells,

which are useful in the antenatal diagnosis of various heritable diseases.

Significance to Biomedical Research and the Program of the Institute : Cysti-

nosis is, in its most common variant, a lethal childhood disease. Homocysti-
nuria may cause blindness, mental retardation, and death in affected patients.

Cystinuria causes painful renal stones, and may progress to renal failure.

The patient with glutathionuria is mentally retarded. These and other herit-

able disorders studied in our laboratory require better methods of diagnosis,

treatment, and prevention than are currently available, and our efforts in these

directions are thus central to the goals of this Institute. In addition, it

.has been demonstrated innumerable times that the study of genetic variants in

man is a very powerful tool for advancing our understanding of normal and ab-

normal human biochemistry; our studies in glutathionuria illustrate this point

tellingly. Such understanding is a central theme uniting much significant

biomedical research in diverse areas and must inevitably lead to the alleviation

of medical illness characterized by genetic (or nongenetic) biochemical
derangements.

Proposed Course of Project : These efforts will include: (1) the continuing

study of sulfhydryl and other compounds which may be of potential therapeutic

benefit in cystinosis, (2) investigation of lysosomal metabolism of cystine

and related compounds in this disease, (3) continued investigation of the

coagulopathy and biochemical abnormalities in homocystinuria, (4) detailed

investigation of gamma-glutamyltranspeptidase deficient tissues, and the whole

patient where possible, with regard to amino acid transport kinetics and a

wide variety of other parameters such as glutathione pool size and pool turn-

over, immunologic detection of mutant enzyme, levels of other enzymes in the

gamma-glutamyl cycle in deficient and normal tissues, and others, (5) continued

use of electron microscopy in the study of genetically abnormal cells, (6) the

investigation of additional inborn errors of metabolism within the limitations

of time and personnel, such as our recent discovery of a critically ill patient

with urinary excretion of vast amounts of pyroglutamic acid.
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Objectives : Membrane-bound mixed-function oxygenases are important in the
metabolism of drugs, carcinogens, and insecticides, as well as many endogenous
lipophilic substrates such as steroids, fatty acids, cholesterol, indoles,
biogenic amines, and thyroxine. We have found that the "induction," or
stimulation, of a group of drug-metabolizing enzyme activities in response to

aromatic hydrocarbon treatment is regulated by only a few genetic loci in the
mouse. We have also employed cell culture techniques for studying the mecha-
nism of microsomal monooxygenase induction in an experimental system which is
more rigidly controlled than similar studies in the intact animal. Under-
standing the mechanism by which drug-metabolizing enzymes are induced may
elucidate important concepts in the fields of drug metabolism, developmental
pharmacology, steroid biochemistry, chemical carcinogenesis, teratology.
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entomology, and limnology. The main objectives of this project are (1) to
exploit genetic differences in drug metabolism between various inbred strains
of mice in order to understand better the potential importance of pharmaco-
genetics; (2) to use tissue culture techniques in answering questions which
would be difficult or impossible with studies in the intact animal; (3) to
combine the genetic differences with the tissue culture techniques in order
to elucidate certain mechanisms related to mammalian gene regulation; and (4)
to apply certain of these techniques to human tissues so that extrapolations
can be made from rigidly controlled experimental systems to pharmacogenetic
differences in man.

Methods Employed : The principal methods employed are: (1) recording spectro-
photometry of turbid solutions, (2) enzyme assays involving radiometric, spec-
trophotometric, and spectrophotofluorometric determinations of product forma-
tion or substrate disappearance, (3) radioisotopic measurements using tritium
and carbon-14, (4) cell culture techniques, (5) differential centrifugation,
(6) phase microscopy, (7) equilibrium dialysis, (8) polyacrylamide gel elec-
trophoresis, (9) column- and thin- layer chromatography, (10) magnetic reso-
nance techniques, (11) high pressure liquid chromatography, and (12) gas
chromatography

.

Major Findings : (1) The susceptibility to tumorigenesis produced by the sub-
cutaneous administration of 3-methylcholanthrene is highly correlated with the
genetically mediated presence of aryl hydrocarbon hydroxylase induction in 14
strains of mice. There is no such relationship among inducible hydroxylase
activity and (a) subcutaneous treatment with 7 ,12-dimethylbenz [a]anthrene or
benzo[a]pyrene, (b) intraperitoneal administration of benzo[a]pyrene, or (c)

topical application of 7 ,12-dimethylbenz [a] anthracene or benzo[a]pyrene and
promotion by phorbol ester. (2) An increase in zoxazolamine (2-amino-5-
chlorobenzoxazole) -metabolism, as determined either by paralysis time or by an
enzyme assay in vitro , is associated with aryl hydrocarbon (benzo[a]pyrene)
hydroxylase induction among inbred strains of aromatic hydrocarbon treated,
genetically "responsive" mice, does not occur in inbred, genetically "non-
responsive," aromatic hydrocarbon- treated mice, and segregates (p < 0.01) with
the Ah locus in the appropriate genetic crosses between "responsive" and "non-
responsive" mice. (3) Hexobarbital metabolism, as determined by sleeping
time, is not associated with tae Ah locus in either inbred or hybrid mice.

(4) A rise in 5,5-diphenylhydantoin metabolism, as determined by the increased
formation of £^-hydroxy and 3,4-dihydrodiol derivatives in vitro , is associated
with the presence of aryl hydrocarbon hydroxylase induction among aromatic
hydrocarbon-treated inbred C57BL/5N, does not occur in aromatic hydrocarbon-
treated inbred DBA/2N, but does not segregate (p > 0.10) with the Mi locus
among offspring of the appropriate crosses between "responsive" and "nonre-
sponsive" mice. (5) The intraperitoneal administration of aromatic hydrocar-
bons such as 3-methylcholanthrene or 3-naphthof lavone stimulates aryl hydro-
carbon (benzo[a]pyrene) hydroxylase activity in C57BL/6N, C57BL/6J, C3H/HeN,
BALB/cAnN, CBA/HN, and PL/J inbred mice but not in the DBA/2N, 129/ J, RF/J,
AKR/N, AKR/J, or AU/SsJ inbred strains. (6) By means of genetic crosses
between a "responsive" and a "nonresponsive" strain, the hydroxylase induction
appears to segregate as an autosomal dominant trait in the C57BL/6N X RF/J
cross, the C57BL/6N X 129/ J cross, the C3H/HeN X AKR/N cross, the BALB/cAnN X
AKR/N cross, the CBA/HN X AKR/N cross, the BALB/cAnN X DBA/2N cross, the
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C57BL/6N X AU/SsJ cross, the PL/' J X AU/SsJ cross, the C57BL/6J X AKR/J cross,
the C57BL/6N X AKR/J cross, and the C57BL/6J X AKR/N cross. (7) The absence
of hydroxylase induction appears to segregate in an autosomal dominant fashion
in the C57BL/6N X AKR/N cross. (8) The induction process in offspring from
the C3H/HeN X DBA/2N cross is inherited additively. (9) In mice from many of

the above mentioned crosses, there exists a positive, significant correlation
between the induced hepatic hydroxylase activity and (a) new formation of

hepatic microsomal cytochrome P A50; (b) higher inducible hydroxylase activi-
ties in lung, kidney, bowel, and skin; and (c) induction of hepatic microsomal
7-ethoxycoumarin 0-deethylase, p^-nitroanisole-0-demethylase, and 3-methyl-4-
methylaminoazobenzene N-demethylase activities. (10) From data involving
more than 2200 individual mice of these 12 inbred strains, the induction of the

monooxygenase activities and the stimulation of cytochrome P 450 formation by

aromatic hydrocarbons appear to be regulated by at least three alleles at each
of two nonlinked genetic loci. (11) Administration of 2 ,3 , 7 ,8-tetrachloro-
dibenzo-£-dioxin (TCDD) causes induction of a similar magnitude in either
"responsive" or "nonresponsive" mice of: (a) aryl hydrocarbon (benzo[a]pyrene)
hydroxylase activity in liver, bowel, lung, kidney, and skin; (b) 7-ethoxycou-
marin 0-deethylase activity in liver and kidney; (c) hepatic p^-nitroanisole

0-demethylase and 3-methyl-4-methylaminoazobenzene N-demethylase activities;

and (d) the new formation of cytochrome P 450 in liver, bowel, lung, kidney,

and skin. (12) Application of TCDD to the skin of either "responsive" or

"nonresponsive" mice induces aryl hydrocarbon hydroxylase activity more than

6-fold in the skin and also in the liver. (13) These data demonstrate that

genetically "nonresponsive" mice have the structural and regulatory genes

necessary for expression of these inducible microsomal monooxygenase activities

and associated new formation of cytochrome P 450 and that the defect in these

mice is a failure to recognize aromatic hydrocarbons which are less potent

inducers. (14) In the "nonresponsive" inbred strains, perhaps a mutation has

occurred which results in production of an inducer-binding receptor having a

diminished affinity for aromatic hydrocarbons. (15) Dose-response curves

—

with the use of large numbers of animals of the same age and sex and with either

3-naphthof lavone or the much more potent 2,3,7 ,8-tetrachlorodibenzo-p^-dioxin

as inducer—reveal a small, but statistically significant, difference in the

hydroxylase induction between the C57BL/6J homozygote and the (C57BL/6J)-

(DBA/2J)F heterozygote in liver, kidney, bowel, and lung. The (C3H/HeJ)-

(DBA/2J)F heterozygote displays additive inheritance in each of these same

tissues. (16) Aryl hydrocarbon (benzo[a]pyrene) hydroxylase activity is

induced in cultured human lymphocytes by 2,3,7 ,8-tetrachlorodibenzo-£-dioxin

(TCDD) at a concentration in the growth medium 40 to 60 times less than the

concentration of 3-methylcholanthrene (MC) necessary for maximal hydroxylase

induction. (17) In cultured Ijmiphocytes from 19 individuals, the extent of

hydroxylase induction by TCDD or MC ranged between 1.7- and 2.9-fold, (18)

Those individuals having (presumably under genetic control) lower b^.sal and

MC-inducible hydroxylase activities in their lymphocytes also have lower TCDD-

inducible hydroxylase activity. (19) Increases in aryl hydrocarbon (benzo[a]-

pyrene) hydroxylase activity are found in fetal rat liver primary cultures and

in cell lines derived from rat Reuber Hepatoma H-35 or mouse Hepatoma BW 7756,

when the cells are treated with any one of a large number of hydrophobic com-

pounds in the growth medium. Compounds which are effective inducers include

3-methylcholanthrene, sodium phenobarbital, isoproterenol, a-naphthof lavone,

g-naphthof lavone, 2,5-diphenyloxazole, 2-(4'-chlorophenyl)benzothiazole, 2-(4'-
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formylphenyl)benzothiazr)le, metyrapone, 1- (2-isopropyiphenyl) imidazole, 2-

diethylaminoethyl-2,2-diphenyl valerate HCl (SKF 525-A) , plperonyl butoxide,
dicthylstilbestrol, sodium laurate, allylisopropylacetamide, aniline, and
arainopyrine. (20) The hydroxylase activity in control cultures and the Iiydro-

xylase activity induced by phenobarbital in liver- or hepatoma-derived cell
cultures differ from the hepatic enzyme activities in the control and pheno-
barbital-treated intact animal; our findings presumably indicate that cyto-
chrome P 450 is induced by some factor in the control medium or by pheno-
barbital in culture, whereas other P450 species predominate in the control or

phenobarbital-treated adult intact animal. (21) For studies with liver- or

hepatoma-derived cultures and concerning evaluation of cytotoxicity, drug

metabolism, or chemical carcinogenesis by certain compounds known to be

metabolized via the monooxygenase metabolic pathways, we therefore suggest

caution in the extrapolation of certain results found in cultured cells to the

actual situation existing in the intact animal. (22) The kinetics of aryl

hydrocarbon (benzo[a]pyrene) hydroxylase induction by 2, 3,7,8-tetrachloro-

dibenzo-^-dioxin (TCDD)—among 10 established cell lines, fetal primary

cultures derived from hamster, rat, chick, rabbit, and 4 inbred strains of

mice, and cultured human lymphocytes— is very similar to the kinetics of

hydroxylase induction by 3-methylcholanthrene (MC) as the inducer. (23) The

TCDD- inducible process is sensitive to actinomycin D and cycloheximLde at

levels of inhibitor similar to those previously reported with MC in culture.

(24) The induced enzyme activity in cells treated with TCDD plus MC is not

greater than that in cells exposed to either inducer alone. (25) There

exists no relationship between cytotoxicity by TCDD and the level of inducible

hydroxylase activity in culture. (26) Estimated ED^ values for the hydro-

xylase induction by TCDD range from about 0.12 nM in C57BL/6N mouse cultures

and 0.23 nM in the H-4-1I-E cell line to more than 100 nM in the VERO and HTC

cell lines. No hydroxylase activity is detectable in the control, MC-, or

TCDD-treated LB82 cell line. (27) In several cell lines and in primary

cultures, the responsiveness of hydroxylase induction to TCDD is between 250

and 900 times greater than that to MC. (28) The responsiveness of hydroxy-

lase induction to TCDD in C57BL/6N mouse-derived cultures is about 16 times

greater than the responsiveness to TCDD in DBA/2N mouse-derived cultures;

this difference in responsiveness to TCDD is very similar to that seen in

these two mouse strains in vivo . (29) A_bioassay with H-4-II-E cells is

suggested for the detection of minute (10 ^'* mole) levels of TCDD. (30) A

bacterial mutagenesis assay and genetic differences in microsomal CO-binding

cytochromes were combined in vitro to evaluate the metabolic activation of

several known carcinogens to fraraeshif t mutagens. With the use of liver

fractions from C57BL/6N and DBA/2N control mice and mice treated in vivo with

3-methylcholanthrene, B-naphthof lavone, phenobarbital, or 2,3 , 7 ,8-tetrachloro-

dibenzo-£-dioxin, the in vitro mutagenicity of 3-methylcholanthrcne ,
6-amino-

chrysene, and 2-acetylaminof luorene~but not benzo [a]pyrene~is closely

associated with the genetically mediated difference in both aromatic hydro-

carbon-inducible aryl hydrocarbon (benzo [a]pyrene) hydroxylase activity and

new cytochrome P,450 formation. (31) 3-Methylcholanthrene, 6-aminochrysene,

and 2-acetylaminofluorene~but not benzo [a]pyrene—are each more mutagenic

in vitro per molecule of cytochrome P 450 than per molecule of CC-binding

^tochrome other than P 450. (32) Diethylmaleate, and especially 1,1,1-

trichloro-2,3-epoxide, increases the mutagenicity of benzo [a]pyrene, whereas

no increases occur with 3-methylcholanthrene, 6-aminochrysene, or 2-acetyl-
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aminofluorene activation to mutagens in vitro . (33) Differences in toxicity

caused by various environmental pollutants or drugs were studied in several

inbred strains of mice and in siblings of the (C57BL/6N) (DBA/2N)F^ X DBA/2N

backcross, in which the phenotypes aromatic hydrocarbon "responsiveness" or

"nonresponsiveness" had been predetermined. "Responsiveness" is associated

with shortened survival times following large (500 mg kg ^ day ^) doses of

intraperitoneal benzo [a]pyrene, 7,12-dimethylbenz [a]anthracene, 3-methylchol-

anthrene, 3-naphthof lavone, or polychlorinated biphenyls; the cause of death

in these experiments is not yet certain. "Nonresponsiveness" is associated

with shortened survival times following small (1 to 2 mg kg day ) oral

doses of benzo [a]pyrene, 7,12-dimethylbenz [a] anthracene, 3-methylcholanthrene,

or lindane, yet is associated with a longer survival time following small

daily doses of oral polychlorinated biphenyls. (34) All nonresponsive mice

ingesting benzo [a]pyrene daily die within 4 weeks, whereas the survival of

responsive mice ingesting benzo [a]pyrene daily is not significantly different

from that of control mice; the apparent cause of early death in these experi-

ments is toxic depression of the bone marrow. (35) When given an intraperi-

toneal dose of lindane that is lethal to normal mice within 12 hours, 3-

methylcholanthrene-pretreated responsive mice are protected and therefore do

not die during this time period. (36) A dose of bromobenzene sufficient to

cause considerable necrosis in the liver of a pregnant mouse does not cause

transplacentally any detectable necrosis in fetal liver. (37) These data

suggest (i) that the life span of animals exposed to certain environmental

compounds can be markedly influenced by a single gene or a very small number

of genes; and (ii) that the same genetic trait can be either beneficial or

detrimental to the animal, depending on whether detoxification or metabolic
potentiation occurs. (38) Cordycepin, ethidium bromide, and puromycin amino-

nucleoside treatment of the mouse tumor line Hepa-1 produce strikingly differ-

ent effects on the kinetics of hydroxylase induction, when the inducers benz-
[a] anthracene, phenobarbital, and isoproterenol are compared. (39) Without

any of these "usual inducers" present in the mouse hepatoma cell line, 0.50-

5.0 mM puromycin aminonucleoside or 40 nM actinomycin-D cause large increases

in the hydroxylase activity—at a time when gross RNA synthesis is virtually
100% Inhibited and gross protein synthesis is more than 50% inhibited. (40)

This aminonucleoside- or actinomycin-D-mediated induction process in the

Hepa-1 cell line represents the first demonstration of aryl hydrocarbon hydro-
xylase "induction" without prior treatment with usual inducers and hence
presumably without prior accumulation of putative induction-specific RNA;

moreover, this induction process apparently requires little, or no simultaneous

RNA synthesis during exposure to the aminonucleoside or actinomycin-D. In

contrast, when primary cultures derived from normal rat liver are treated
with similar high concentrations of the aminonucleoside, no induction of the

hydroxylase activity occurs. This result suggests that the effect of puro-
mycin aminonucleoside on hydroxylase-specific mRNA synthesis, processing, or

stabilization is very different between the hepatoma cell line and normal
fetal rat primary hepatocytes in culture.

Significance to Biomedical Research and the Program of the Institute : Pheno-
barbital is the most commonly used drug from a class of more than 200 drugs,
chemicals, and insecticides that induce microsomal enzymes apparently by the

same mechanism. Administration of any of these substances to the pregnant
animal causes transplacental induction of these mixed-function oxygenases in
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the fetal liver. These enzyme systems metabolize steroids, cholesterol, fatty

acids, indoles, sympathomimetic amines, and thyroxine, as well as lipophilic-

foreign substrates. Administration of polycyclic aromatic iiydrocarhons to

the pregnant animal produces induction of this enzyme activity in the placenta

and also transplacental stimulation of the hydroxylase in several fetal tissues.

Clgiirette smoking is associated with increases in human placental aryl hydro-

carbon hydroxylase activity. Ingestion of charcoal-broiled beef iiy rats is

associated with increased intestinal metabolism of several drugs. We now iiave

demonstrated that what appears to be a single-gene difference— "aromatic

hydrocarbon responsiveness"— in the mouse is associated with: (1) increased

susceptibility to 3-methylcholanthrene- Initiated tumors; (2) decreased zoxazol-

amine paralysis time; (3) increased susceptibility to 7 , 12-d imethy Ibenzf a]-

anthracene-produced skin inflammation; (4) decreased survival time wiien exinised

to large doses of polycyclic aromatic compounds or polychlor inated iiiphenyls

given Intrapcr Itoneally; (5) increased resistance to the insecticide lindane

given intraperitoneally; (6) increased resistance to polycyclic hydrocarbons

or lindane given orally; (7) decreased survival time when given polychlorlnated

biphenyls orally; and (8) increased hepatic necrosis and tumors caused by N-

acetylarylamines. Death in the nonrespons Ive mouse Ingesting benzo [a
1
pyrene

Is due to toxic chemical depression of the bone marrow. An increased incidence

of lung cancer In man has been correlated with living in highly polluted urban

areas. It is therefore possible that differences—caused by a single gene or

a very small number of genes— in man are related to increased susceptibility

to cancers, tissue necrosis, drug metabolism, bone marrow disorders, and

decreased life span caused by exposure to foreign compounds.

Other recent developments Include (1) the demonstration that genetic differ-

ences In diphenylhydantoin hydroxy lation exist between Inbred mouse strains;

(2) the finding that genetic differences In carcinogenesis by 3-niethy 1 chol-

anthrene but not. benzo [a] pyrene or 7 ,1 2-d imethy lbenz[a lanthracene In vivo

parallel the differences we find with mutagenesis by these chemicals in vitro ,

using the histidine-dependent bacterial tester strains of liruce Ames; and

(3) a method for distinguishing between the homozygote and iieterozygote

"responsive" mouse. These genetically mediated dissimilarities in xenobiotic

metabolism may be a useful probe in demonstrating differences in the rates ot

formation of certain drug-produced birth defects. Consequently, studies

involving the development and extent of induction o\' mixed-function oxygenases

in fetal tissues and in the placenta during various periods of gestation, are

relevant to the program of this Instituti> in ti)e following areas: (1)

possible effects of environmental pollutants (i.e., polycyclic hydrocarbons

and Insecticides) and various drugs on normal fetal growth and development

and on the health of the pregnant woman, (2) mechanisms of "pharmacological

Immaturity" of the premature and newborn, (3) mechanisms of disease cif the

fetus and newborn concerning oxygenative and conjugative metabolism ol normal

body substrates such as steroids and bilirubin, and (4) possible therapeutic

and diagnostic procedures for aiding and predicting pharmacogenet ic defects

In the fetus and neonate.

Proposed Course of Pro.iect : (I) Kurther delineation of differences between

mixed-function oxygenase induction by |ihenobarb i ta 1 and that hy polycyclic

hydrocarbons, (2) characterization of specific and nonspecific- binding of

these various inducers to subcellular sites, (3) examination of tlie elfects
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of hormones and nutrition on hydroxylase induction by either type of inducers,
(4) study of various inhibitors on the induction process in cell culture,
(5) characterization of the various components of the membrane-bound "hydroxy-
lase" system, (6) analysis of differences in product formation and biophysical
properties between the control, phenobarbital, and polycyclic hydrocarbon-
induced oxygenases, (7) extrapolation of these studies to aid in explaining
certain mechanisms by which gene expression is controlled in mammalian cells,
including man, and (8) search for drug metabolism measurements in cultured
human lymphocytes by which one can predict pharmacogenetic differences when
certain drugs are given to the patient.

Keywords or Phrases : Pharmacogenetics, cytochrome P-450, monooxygenases

,

genetic susceptibility to cancer, inbred mice, hepatoma and primary liver
cultures, genetic susceptibility to bone marrow depression by chemicals,
polycyclic hydrocarbons, 2,3 , 7 ,8-tetrachlorodibenzo-2^-dioxin, human lymphocyte
cultures, bacterial mutagenesis in vitro , genetic susceptibility to drug-
induced hepatic necrosis.
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Project Description:

Objectives : Certain membrane-bound mixed-function monooxygenase activities in

various tissue? of certain inbred strains of responsive mice rise after treat-

ment with some aromatic hydrocarbons. On the contrary, these enzyme activities

in tissue from inbred strains of nonresponsive mice do not rise following

aromatic hydrocarbon treatment. Determinations of a number of different mono-

oxygenase activities in progeny from crosses and backcrosses of responsive and

nonresponsive mice show that several inducible monooxygenase activities always

increase concomitantly, that expression of enzyme induction can be dominant or

codominant, and that induction is regulated by a few genetic loci. Monooxy-

genases are important in the metabolism of drugs, carcinogens, and insecticides,

as well as many endogenous lipophilic substrates such as thyroxine, steroids,

fatty acids, and cholesterol. With the necessary cofactors these exogenous

and endogenous lipophilic compounds are transformed to oxygenated labile

intermediates or stable products via this enzyme system. This initial step in

drug detoxification is designated as a "phase I reaction." Other membrane-

bound drug-metabolizing enzymes act to modify intermediates or stable products

formed by phase I reactions, thereby completing the transformation of lipo-

philic compounds to highly water-soluble entities for efficient urinary

excretion. These secondary steps in drug metabolism are designated "phase II

reactions." For example, epoxide hydrase removes highly reactive epoxide

intermediates formed by the monooxygenase, and UDP glucuronyl transf erase (s)

conjugates various hydroxylated products to the glucuronic acid moiety of

UDP glucuronic acid. These conjugates are the most water-soluble derivatives

of the original compound. Therefore, both drug hydroxylation and subsequent

glucuronide conjugation are necessary for the most efficient removal of
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certain noxious lipophilic compounds from the body. An important question is:

to what extent are these two processes coupled in drug metabolism? It has

been shown in experimental animal model systems after aromatic hydrocarbon
treatment that the monooxygenase, aryl hydrocarbon hydroxylase, rises first

and, subsequently, UDP glucuronyl transferase activity increases. Thus, an

understanding of the relationship between regulation and function of phase I

and phase II drug-metabolizing enzymes may elucidate and explain observations

related to developmental pharmacology, drug metabolism, chemical carcinogenesis,
and teratology that have heretofore remained obscure. The primary objectives
of this project are (1) to determine whether UDP glucuronyl transferase is

genetically linked to aryl hydrocarbon hydroxylase in various inbred strains

of mice and if expression is age, sex, or tissue-dependent; (2) to determine
whether the polycyclic hydrocarbon or an oxygenated form of the polycyclic
hydrocarbon is the proximal inducer of the transferase; (3) to determine

whether induced UDP glucuronyl transferase, as assayed i^ vitro, reflects the

increased in vivo conjugation of certain endogenous and exogenous substrates;

(4) to exploit genetic differences in the conjugation of critical substrates,

as bilirubin; (5) to study the functional interrelationship between UDP

glucuronyl transferase and various P450-mediated monooxygenases in the detoxi-

fication of various drugs in vivo in genetically different mouse strains; (6)

to use the bacterial mutagenesis system developed by Ames to examine the effect

of UDP glucuronyl transferase on the mutagenicity of certain compounds. (It

is well known that inhibition of ^-glucuronidase by specific inhibitors reduces

bladder tumors in animal models. Classically, 3-glucuronidase reverses the

action of UDP glucuronyl transferase); (7) to attempt to use tissue culture

techniques to study the regulation of mammalian UDP glucuronyl transferase

activity and the interdependence in regulation of the transferase and the

monooxygenase at the molecular level; and (8) to apply tissue culture results

for the purposes of establishing a bioassay for "breast milk jaundice factor."

Methods Employed : The principal methods to be employed are: (1) enzyme

assays using spectrophotometric, spectrophotof luorometric, radiometric deter-

minations of product or disappearance of substrate, (2) radiometric measure-
ments using tritium and carbon-14, (3) cell culture techniques, (4) diffe-

rential centrifugation, (5) phase microscopy, (6) high pressure liquid

chromatography, and (7) column chromatography.

Major Findings : (1) With 4-methyl-7-hydroxyumbelliferone as the substrate,

hepatic UDP glucuronyl transferase activity increases in C57BL/6N, C3H/HeN

and BALB-c mice after aromatic hydrocarbon treatment, whereas the transferase

activity in treated DBA/2N mice does not increase. (2) Aromatic hydrocarbon

treatment of F hybrids from crosses between C57BL/6N and DBA/2N mice causes

an increase in transferase activity comparable to that observed in the inbred

C57BL/6N strain. The data already accumulated with aromatic hydrocarbon
responsive and nonresponsive mice resemble the pattern of inheritance for the

monooxygenases. For definitive genetic linkage of aryl hydrocarbon hydroxy-

lase and the transferase, determinations of each activity in the appropriate

backcrosses and intercrosses are in progress. (3) The transferase activity
is maximal 3-5 days after methylcholanthrene (MC) or 3-napthoflavone (BNF)

treatment; aryl hydrocarbon treatment is essentially maximal 24 hours after

treatment. (4) MC is approximately twice as effective an inducer of trans-

612



ferase as BNF. (5) 2,3,7,8-Tetrachlorodibenzo-£-dioxin (TCDD) , a potent
inducer of aryl hydrocarbon hydroxylase in responsive and nonresponsive mice,
induces the transferase activity about 4-fold in responsive C57BL/6N mice and
about 2-fold in the nonresponsive DBA/2N. The rise in activity in the C57BL/-
6N mice proceeds without a lag, reaches a maximum in 12 days and slowly declines
to basal levels after about 100 days. Induction in the DBA/2N mice starts
after a 3 day lag, reaches a maximum in 8 days and rapidly returns to basal
levels by 20 days. The dramatic difference in the effects of TCDD on the
transferase activity in the two strains of mice is strong additional evidence
for genetically mediated induction of transferase activity. (6) In order to

expose maximally the latent UDP glucuronyl transferase activity, microsomes
are treated with triton X-100 (0.25g - l.Og triton/g of microsomal protein).
UDP glucuronyl transferase is stimulated 2-fold by 10 mM MgCl. and is not
significantly altered by 3-gluconolactone, a specific inhibitor of 3-

glucuronidase. Transferase activity in the in vitro assay is linear with
microsomal protein content between 0.9 and 4.5 mg/ml. (7) Control microsomes
from C3H/HeN mice were activated to a greater extent by triton X-lOO treatment
compared to microsomes from C57BL/6N, DBA/2N and BALB/cAnN.

Significance to Biomedical Research and the Program of the Institute : As

discussed previously, drug oxygenations and subsequent glucuronide conjugations

are catalyzed by a membrane-bound multistep enzyme complex. These enzymes are

important in the process of detoxification and elimination of many normal body

constituents and many xenobiotics taken in from our environment in the form of

food additives, air pollutants, and medication. There are, as well, diseases

of humans ascribed to defects (not completely understood) in drug-conjugating

enzymes. Examples in pediatrics include neonatal hyperbilirubinemia, Gilbert

syndrome, and Crigler-Naj jar syndrome. Therefore, the development of experi-

mental model systems for understanding better the molecular regulation and

neonatal development of UDP glucuronyl transferase is pertinent to the program

of the institute in the following areas: (1) understanding the mechanisms of

"immaturity of drug metabolism" in neonates; (2) providing further experimental

models for other human pharmacogenetic defects; (3) elucidating the basic

enzymology of glucuronidating drug metabolism in order to gain insight into

the development of selective inhibitors and stimulators of these drug conju-

gating enzymes that are useful for beneficial regulation of abnormal metabo-

lism peculiar to various human diseases; (4) understanding metabolism of

various drugs in the fetus, premature and the newborn.

Proposed Course of Project : (1) Examination of various inbred strains,

appropriate crosses and backcrosses of mice for both transferase and hydroxy-

lase inducibility by 3-methylcholanthrene, 6-naphthof lavone, and 2,3,7,8-

tetrachlorodibenzo-p^-dioxin; (2) examination of urine and bile for glucuronides

of labelled exogenous substrates administered to treated responsive and non-

responsive mice; (3) development of an inducible glucuronyl transferase system

in mammalian cell culture in order to study its regulation at the molecular

level; (4) comparative studies of transferase inducibility in cell culture by

nonmetabolized inducers versus their parent oxygenated metabolites; (5)

determination of bilirubin tolerance in responsive and nonresponsive mouse

after hydrocarbon treatment; (6) determination of time course for glucuronide

and other metabolites of the monooxygenase system, comparing various carcino-

genic and noncarcinogenic hydrocarbons in the two genetic strains of mice;
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(7) examination of the effect of UDP glucuronyl transferase on bacterial
mutagenesis; and (8) purification of UDP glucuronyl transferase, with the

intention of developing an antibody to the enzyme.

Phrases and Keywords : Genetics of drug-conjugation, inbred mice, hepatoma
and primary liver cultures, polycyclic hydrocarbons, breast milk jaundice
factor, monooxygenases

,
glucuronides, UDP glucuronyl transferase in cell

culture.

Honors and Awards : None

Publications: None
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Project Description:

Objectives : The hepatotoxicity and carcinogenicity of N-acetylarylamines
such as acetaminophen and 2-acetylaminof luorene have been shown to result
from toxic metabolites arising via N-oxidation. Resently N-oxidation of

these compounds has been proven to be mediated by the cytochrome P450-depend-
ent monooxigenase system(s) . Inducers of cytochrome P450-associated mono-
oxygenase activity, such as 3-methylcholanthrene and phenobarbital, are known
to modify both the toxicity and carcinogenicity of N-acetylarylamines. It has

been shown previously in this laboratory that administration of polycyclic
hydrocarbons such as 3-methylcholanthrene increases the activity of another

monooxygenase, aryl hydrocarbon (benzo [a]pyrene) hydroxylase in the livers of

certain inbred strains of mice but not other strains. Furthermore, it has

been demonstrated in this laboratory that the induction of aryl hydrocarbon

hydroxylase activity by 3-methylcholanthrene segregates as a single autosomal

dominant gene in progeny from the appropriate backcrosses and intercrosses

involving C57BL/6 (responsive strain) and DBA/2 (nonresponsive strain) mice.

Vitamin A has recently been shown to have a "protecting effect" against induc-

tion of cancer by chemical carcinogens both in tissue culture and in the whole

animal. The mechanism by which vitamin A exerts this protective affect is not

yet known, but two modes of action appear most probable. Many of the chemical

carcinogens which vitamin A protects against need to be metabolized into

reactive alkylating agents before they can initiate their carcinogenic effect.
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The enzyme system responsible for this activation is the cytochrome P450-

dependent monooxygenases. Hence, one possibility for the mechanism of protec-
tion is that vitamin A inhibits directly the monooxygenase system. A second
possibility is that vitamin A induces the DNA repair enzymes and thereby

increases the rate of turnover of DNA which has been damaged by reactive
alkylating agents or metabolites.

The urban population is exposed to increasing amounts of environmental pollu-
tants in the form of polycyclic hydrocarbons, insecticides, food additives,

etc. Many of these pollutants, such as DDT and the polycyclic hydrocarbons,
are potent inducers of the cytochrome P450-dependent monooxygenase (s) system,

which metabolizes a variety of drugs and foreign compounds. Metabolism of

these drugs and foreign compounds results, in most cases, in more polar and

therefore more easily excreted metabolites. In some cases, however, the

relatively nonreactive parent drugs and foreign compounds, are activated
through the cytochrome P450 system to reactive electrophiles , which may cause

a variety of toxic effects, including cell death, cancer, fetal malformations,

and blood disorders. The main objectives of this project are: (1) to study

the relationship, if any, between the induction of aryl hydrocarbon hydroxylase
and N-hydroxylation of N-acetylarylamines after administration of the poly-

cyclic hydrocarbon 3-methylcholanthrene to the inbred strains of mice C57BL/6

and DBA/2 and their progeny; (2) to clarify and define the mechanism(s) by

which vitamin A protects against chemically induced cancer in the "responsive"
and "nonresponsive" inbred strains of mice; (3) to examine the role of gluta-

thione in protecting the developing fetus from the harmful effects of electro-

philic metabolites produced either by the mother or by its own enzyme systems;

and (4) to define the teratogenic effects of a variety of drugs and other

foreign compounds in several inbred strains of mice.

Methods Employed : The principal methods employed are: (1) recording spectro-

photometry of turbid solutions, (2) enzyme assays involving radiometric,

spectrophotometric, and spectrophotof luorometric determinations of product
formation or substrate disappearance, (3) radioisotopic measurements using
tritium and carbon-14, (4) tissue culture techniques, (5) differential centri-

fugation, (6) phase microscopy, (7) equilibrium dialysis, (8) polyacrylamide

gel electrophoresis, (9) column- and thin- layer chromatography, (10) gas

chromatography, and (11) high pressure liquid chromatography.

Major Findings : (1) The genetically mediated presence or absence of induction,

as well as the magnitude of induction, of aryl hydrocarbon (benzo[a]pyrene)

hydroxylase activity is highly correlated (p < 0.001) with the N-hydroxylation
of 2-acetylaminof luorene in the livers of C57BL/6N and DBA/2N inbred mice

treated with the microsomal enzyme inducers 3-methylcholanthrene, 3-naphtho-

flavone, 2,3,7 ,8-tetrachlorodibenzo-£-dioxin, and sodium phenobarbital. The

extent of hepatotoxicity caused by acetaminophen (^^-hydroxyacetanilide)

administered intraperitoneally to these two strains of mice is also highly

associated with both aromatic hydrocarbon- inducible monooxygenase "activities":

aryl hydrocarbon hydroxylase and acetylarylamine N-hydroxylase. (2) The rate

of depletion of glutathione content in the liver of C57BL/6 following a large

dose of acetaminophen is increased four-fold after induction with 3-methylchol-
anthrene. In contrast, the rate of depletion of glutathione following acet-
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aminophen administration in the DBA/2 strain is not influenced by 3-methyl-
cholanthrene pretreatment. The rate of glutathione depletion in the liver of
C57BL/6, DBA/2 and their appropriate backcrosses and intercrosses is highly
correlated with the aryl hydrocarbon hydroxylase activity following 3-methyl-
cholanthrene pretreatment. (3) The in vitro conversion of acetaminophen into
a toxic alkylating metabolite is highly correlated with the inducible aryl
hydrocarbon hydroxylase activity in the two - inbred strains and their backcrosses
and intercrosses following 3-methylcholanthrene pretreatment. (4) In vivo
metabolism of acetaminophen—as determined by urinary metabolites in the
C57BL/6 and DBA/2 mice—does not significantly differ in glucuronide and
sulfate conjugation following 3-methylcholanthrene treatment, but the C57BL/6
mouse excretes 3 times more of the mercapturic acid conjugate, which is the
end-product of glutathione conjugation. (5) N-hydroxylation of p^-chloro-
acetamilide is also highly correlated with the aryl hydrocarbon hydroxylase
activity in the 3-methylcholanthrene-treated C57BL/6 and DBA/2 and their back-
crosses and intercrosses. (6) Glutathione content in the liver of the

developing fetus (both C57BL/6 and DBA/2) is about one-third of the adult
level; during the first week of life, glutathione concentration increases
rapidly and reaches adult levels at 2-3 weeks. (7) Acetaminophen, a widely
used drug by people of all ages, has been shown when taken in overdoses to

deplete liver glutathione and cause liver necrosis in both human and experi-

mental animals. When acetaminophen in large doses (250-500 mg kg ) were

given to the pregnant mouse, the glutathione level in the fetal liver and the

placenta were unchanged. Doses fatal to the mother (> 500 mg kg ^), however,

did cause a significant fall in fetal liver glutathione. (8) Induction with

polycyclic hydrocarbons in C57BL/6 mice caused a significant fall in fetal

liver glutathione at dosages (- 500 mg kg ^) which did not cause any change

in glutathione levels in the nontreated mice. The nonresponsive DBA/2 or

AKR mice did not show any change in fetal glutathione level following poly-

cyclic hydrocarbon treatment. (9) Acetaminophen crosses the placenta readily

and is in equilibrium with the concentration in maternal blood. Pharmaco-

kinetically, one can therefore look at the mother, placenta and fetus as one

compartment- (10) Teratogenic studies in mice with 7,12-dimethylbenz[a]-

anthracene have shown a high incidence of club foot and fetal death. Treat-

ment of the pregnant mother during day 9 to day 13 of gestation with 6-

naphthoflavone plus 7 ,12-dimethyIbenz [a] anthracene causes no change in the

nonresponsive strains, whereas in the responsive strains fetal death increases

to 100%.

Significance to Biomedical Research and the Program of the Institute :

Acetaminophen is a widely used drug by people of all ages. The 1975 Physi-

cians' Desk Reference contains 60 preparations containing acetaminophen. Of

particular interest is the fact that acetaminophen is the most widely used

mild analgesic in pediatric medicine. Chemically, acetaminophen belongs to a

class of compounds called N-acetylarylamines. The N-acetylarylamine class

also includes compounds such as N-acetylaminof luorene, which has been widely

used as a model compound for induction of chemical carcinogenesis. Both the

drug acetaminophen and the carcinogen N-acetylaminofluorene are metabolized

by the same enzyme system in the liver into reactive arylating metabolites.

This enzyme system (i.e. cytochrome P450-dependent monooxygenases) can be

modified by drugs such as the barbiturates and environmental pollutants such

as polycyclic hydrocarbons! Consequently, studies involving examination of
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the mechanism of activation of the N-acetylarylamines into toxic compounds,

the reaction of the body to these toxic compounds, and the possible protection

of these reactive alkylating compounds are relevant to the program of this

Institute in the following areas: (1) Possible effects of environmental

pollutants (i.e. polycyclic hydrocarbons and insecticides) and various drugs

on normal fetal growth and development

—

in particular , the incidence of mal-

formation in the newborn exposed in utero to drugs known to be metabolized
into reactive alkylating metabolite(s) . (2) Mechanism of pharmacological
and toxicological responses in the premature and newborn. (3) Possible
preventive and/or therapeutic procedures for aiding and/or predicting pharma-
cogenetic defects in the fetus and neonate.

As a result of our studies, identification of those who have high aryl hydro-
carbon hydroxylase levels—which has been correlated with bronchogenic carci-
noma in man—might now be possible with the use of a single small dose of the

drug acetaminophen and the examination of urinary metabolites.

Proposed Course of Project : (1) Further delineation of the relationship
between aryl hydrocarbon hydroxylase activity and N-hydroxylation of N-
acetylarylamines in the inbred strains of mice following pretreatment with
polycyclic hydrocarbons; (2) detailed examination of the catalytic enzyme-
site responsible for N-hydroxylation of N-acetylarylamines; (3) develop-
mental studies of N-hydroxylation and C-hydroxylation of N-acetylarylamines
in the inbred C57BL/6 and DBA/2 strains, and their relationship to toxicity
and carcinogenicity of these compounds; (4) exploration of the possibility of

"phenotyping" for aryl hydrocarbon hydroxylase and N-hydroxylase activity
in man by measuring the amount of mercapturic acid conjugate following
oral administration of acetaminophen; (5) further characterization of the
inhibition versus activation of aryl hydrocarbon hydroxylase by retinoic acid
in liver and lung microsomes; (6) screening of various environmental pollu-
tants (including dieldrin, lindane, TCDD, etc.) drugs (including Valium,
Librium, etc.) and food additives for teratogenic effect in the mouse experi-
mental model system (i.e. genetic responsiveness versus nonresponsiveness)

;

(7) examination of the interaction of p^,£'-DDT and 7,12-dimethylbenz [a]-
anthracene with tumorigenesis and/or teratogenesis in the inbred strains of
mice; (8) , a. retrospective study of the metabolism of diphenylhydantoin
(Dilantin ) in epileptic mothers who gave birth to malformed children while
on the drug; and (9) further studies on the role of glutathione in protecting
the fetus and the adult animal against electrophilic alkylating metabolites
by studying the glutathione transferases (in particular, the "transferase"
specific for hydroxamic acids)

.

Phrases and Keywords : Acetaminophen, N-hydroxylation, genetics of cytochrome
P-450, hepatotoxicity, retinoic acid, glutathione, teratology, partial
hepatectomy.

Honors and Awards : None
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NICHD MNUAL REPORT
Jiily 1, 197^ through June 30, 1975

Office of Associate Director for Program Services

The Office of Associate Director for Program Services continued to provide
services to the Institute's extramural programs through two "branches: the
Program Statistics and Analysis Branch and the Grants and Contracts Management
Branch. The workload for the two branches based on the number and dollar
value of the grants and contracts awarded remained close to the fiscal year
I97H level.

During fiscal year 1975, the Institute's four program areas (Population Research,
Mental Retardation, Growth and Development and Perinatal Biology and Infant
Mortality) supported about 1,566 research grants, contracts, research career
and research career development awards, postdoctoral and special fellowships,
training grants and individual and institutional fellowship awards (National
Research Service Awards). This represented a decrease of 26 awards and $2.5
million from fiscal year 197^. The National Institute on Aging (NIA) was
signed into law during fiscal year 197^ and the extramural programs of the
Adult Development and Aging Branch of this Institute were transferred to the
new Institute. However, pending completion of the NIA staffing plans and a

separate appropriation, these programs were administered by this Institute for
the entire fiscal year 1975- The Aging programs supported approximately 1^1
extramural projects in the amount of $10.1 million. This was a decrease of 15
projects and $2.k million from the program's portfolio in fiscal year 197^.
Congressional increases in the amount of $l6.5 million were apportioned to us

in March 1975 permitting us to fund approximately 275 additional research
grants. This represented $15.5 million and 258 grants for this Institute and
$1.0 million and 17 grants for the NIA. No Institute grants were negotiated
during fiscal year 1975- The Aging program anticipated a negotiation rate of
about 20^ on their noncompeting continuation training grants.

The Program Statistics and Analysis Branch pursued its accustomed duties of
providing statistical information on administrative and fiscal aspects of the
Institute's grant, contract, and intramural programs through a series of 13
different recurring reports, plus special analyses, reports, and studies as

required. Its input and quality control functions continued in connection
with the Branch ' s machine data system. Information was developed and fixrnished

in response to requests originating outside the Government, at other Govern-
ment agencies, and at all staff levels within the Institute. As in the past,

activities of the Branch included the preparation of the Inventory of Federal
Population Research : a comparable volume, concerning population research
supported by the three leading private agencies in this area, is being
prepared for publication. Staff continued to assign applications to the
various programs within the Institute, and was involved in developing and i

implementing criteria for assignment to the newly established National
Institute on Aging. A large number of annual and ad hoc reports were prepared
on the basis of information in our scientific classification system and a

special effort was devoted to finding direct methods for retrieval in areas

for which there is a recurring demand for information.
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